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This course is for anyone who needs the skills to ' , 
use a compound" microscope to analyze microscopic 
communities, present in wastewater treatment 
processes, for operational control. Prior experience 
in microscopy Is not necessary.'- * 

After sucQessfully-Qompleting the co^^•,se,'' the student 
will be able to relate microscopic cdmnTunities pi'esent 
in the wastewater treatment process to operational ^ 
controls. The student will also be capable of ins^tr^cting 
tr^atih^nt plant personnel in the more proficient use of 
. the compound microscope and relating <communities 
present to operational control. 



The training includes classroom instruction and 
laboratory practice. 
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JIffi- AQUATIC ENVIRONMENT 
Part 1: TRe Nature and Behavior of Water 



I INTRODUCTION 



* 

The earth is physic^i^y divisible into the 
* lithosphere\or land masses, and the * 
^ hydrosphereyvhich includes the oceans, 

lakes, strewns, and subterranean waters; 

and the atmosphere • 



Upon the hydrospere are based a number 
of sciences which represent different 
approaches. Hydrology is the general 
science of water itseU with its various * 
special fields sucl\as hydrography, - 
hydratrlic^, etc. These in turn merge* 
into physical chemistry and chemistry. 



B Limnology and oceanography coinbine * 
aspects of all of these^ and deal not only, 
with the physical liquid water and its 
various natui*ally occurring solutions and 



forms, but also with living organisms' 
and th^nfinite interactions that occw 
between xhem and their environment. - 

Water quality management, including 
pollution control, thus looks to all 
branches of aquatic science in efforts > 
to coordinate and improve man's 
relationship with his aquatic environment 



II SOME FACTS ABOUT W^ATER 

A^ Water is the only abundant liquid on ot 
planet . f It has many properties most 
unus^tial for liquids, upon which depend 
most of the familiar aspects of the world 
. about us as we know it. (See Table 1) 



TiCBLE 1 
UNIQUE PROPERTIES OF WATER 



Property Significan ce 

Highest heat capacity (specific heat) of any Stabilizes temperatures of or^nlsmsiand 

^« ii,,t.i^ MM \ "Vgeographical regions ' 



suUa or Uquid (except NH^) 



Highest latent heat of fusion^(except ' Thermostatic effect at freezing point 



Highest heatiOf evaporation of any substance 

J : 



Important In heat and watsr transfer of 
atmosphere 



TU^only substance that has its maximum 
dtnstty as a liquid (4oC) 



Fresh and brackish waters have maximum 
density abov^e freezing point. This is 
important In Vertical circulation pattern 
in lal(eSi 



Highest surface tension of any liquid 



Controls surface and drop phenomena* 
injportant In ceUular physiology . 



Dissolves more substances In greater 
quantity than any other liquid 



Make® complex^bio logical system possible. 
Important for transportation of materials 
*ln solution." 



Pyre water has the highest di-electric 
<^n8tant 6f any liquid * . 



Leads to high dissociation of Inorganic 
Substances In solution 



Very little electrolytic -dlssaciatj^j^ 



Neutral* yet Contains both K'^* and OH ions 



Relatively transparent 



i^bsorbs muciuenergy In Infra red and ultra 
violet ranges^ but little in visible range. 
Hence ''colorless" ' „ 



\ 
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B ^bysical Tactors of Significance 

1 Water substance 

Water is noT sirtiply "HgO" but in 
realify is a mixture of some 33 
H different substances involving three 
isotcSJ^e's each of hydrogen and oxygen 
^ (ordinary hydrogen rI,, deuterium H^, 

and tritium H*^; ordinary oxygen of °, 
• . oxygen 17; and oxygen 18) plus 15 
known ty|)es of ions. • The molecules 
of a water mass tend to associate 
themselves as polymers rather than 
to remain as discrete units. 
(See Figure 1) , 



SUBSTANCE OF PURE WATER 



0 0 0 



%% 

■ ©•0 0 



2 Density 



Ter(iperature and density: Ice. 
Water is the only known substance 
in which the solid-state will float 
on the liquid state. (See Table 2) * 



r 



TABLE 2 

EFFECTS OF TEMPERATURE ON DENSITY 
- ' OF PURE WATER ANd ICE* ^ 



Temperature <^C) 



Density 






Water 


Ic^** 


. -10 


.99815 


.9397 


o 


. 99869 


.9360 


^6 


.9991I2 - 


.9020 




.99945 . 


.9277 


2 


.99970 


.92^9 


-i 


.99987--- 


,9168 




.99997 , 




4 


1.00000 ' 




: V' 


.99997 






.99988 




id ^ 


' .99973 


• 


20* 


.99823 




40 


. .99225 




60 


.98324 




80 


.97183 




lOO" 


/95838 





* Tabular values for derlsity, etc., represent * 
estimates by^various workers rather than 
absolute values, due to the variability of 
water. 

Regular Ice is known as "ice I". Four ov 

more other "forms" of ice are known .tp 
' ^ exist (ice II, ice III, etc. ), having densities ' 

at 1 atm., pressure ranging' from 1. 1595 
^^.to 1.67. These are of>extremely restricted 

occurrence and. may be ignored in' most 
s routine operatiojis. ^ - - 



This ensures that ice i^sually 
- forms' on top of; a body of water 
and tends' to insulate the rennfain- 
ing wat^r mass from further-.loss 
of heat. Did Ice sink, there 
could be little or no carryover of 
aquatic life fram. season to season 
in the higher latitudes. Frazil or 
needle ice forms colloiddly at a 
few thousandths of a- degree 
below 0^ c. It is adhesive arid . *. 
may build up on submerged objects 
as "anchor ice", but it is still ' 
. tyf)ical'ice (ice I).- ^ , 
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1) Seasonal increase in solar 
radiation annually .warms 
surface waters in summer * " 
while other factors result in * 
winter ^cooling. The density 

^ differences resulting establish 
two classic layer's: the epilimnlon 
.or surface layer/ and the * 
hypolirrmion or lower layer, and 
in between .is the thermocline 
' or shear- plane. 

2) While for certain theoretical 
purposes a' "thermocline" is 
defined a,s a zone in which the 
temperature changes one 
degree centigrade for each 
meter of depth, in practice, 
any transitional layer between 
two relatively stable masses . 

, of water of different temper- 
atures may be regarded as a 
> thermbcline. ^ 

3) Obviously the greater the / 
temperature differences ' * 
between epilimnion and 
hypolimnion and the sharper 
the gradient in the thermocline, 
the more stable will the 
situation be. ' / 

4) From information given above, 

# it should be evident that tvhile • . 
the temperature of the 
hypolimnion rarely drops ' 
much below 4° C, the 
epilimnion may range from ' 

* 0° C upward. 4. - 

5) When epilimnion and hypolimnion 
achieve the same temperature, 
stratification no longer exists. ^' 
The entire body of water^ehayes 

^ hydrologically as a^unit, /and 
tends to assume uniform chemical 4 
and physical characteristics.* 
E>ven a light breeze may then, 
cause the entire body of ^yater ^ 

• to circulate^ Such events. are called 
overturns, and usxially result in . 
water quality changes of consider- 
able physical, chemtcaf, and 
biological significance ♦ 



Mineral- rich water from the 
hypolimnion, for example,, 
is nf\jbted wi,th oxygenated 
water from the epilimnion, . 
Thife usually triggers a "* 
sudden growth or. "bloom" 
of. plankton organisms. 
> 

6) When stratification is present, 
• however, each layer behaves. 

relativelyt. independently, and" 
significant quality 'differences, 
may develop. 

7) Thermal stratification as 
described above has no 
reference to the size 6f the 
water mass; it is found In 
oceans and puddles* 

b The relative densities of the 
various isotopes of water 
influence its molecular com- 
position. - For example, the 
•lighter O^g tends to go off « 
first in^the process of evaporation, 
leading to the relative enrichment 
of .air by and the enrichmetit 
of warter by O^^^ ^18- '^^^^ 
can lead to a measurably higher 
' 0^3 content in warmer climates. 
Also, the temperature of water 
in past geologic ages can be 
closely estimated from the ratio^^^ 
of Oj^Q in the' carbonate of mollusc 
shells, ^ ^ 

c Dissolved and/or suspended solids 
may^also affect the density of 
. natural water masses (see Table "B) 



TABLE 3 
EFFECTS OF DISSOLVED SOLIDS 
: ON DENSITY 



Dissolved Solids 
(Grams,per lit^r) 




Density 
(at 40 0) 


9 




1,00000' 


; 1 




1,00085 


2 ' 




1.00169 


3 • 




1,00251 


' 10 . 


• 


1,00818 



35 (m'ean for sea water) 



1, 02822 
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•d T^pes^of density stratificatioh 'v^-.-^ 

1) Dertsity ^fereuces produce 
stratification which may be 
^permanent, transient, or ^ 
seasonal. 

* 4 

.2)*Permanent stratification 
^ exists'for example where 
/ th^ne is a heavy mass of ^ 
r brine in the deeper areas of 
a basin which doQS not respond ' 
to seasonal'or other ^^anging 
I conditions. 

3) Transient stratification may 
occur with the recurrent 
influx of tidal Water in an 
' estuary, for example, or the 

• occasional influx *pf cold 
muddy wat^r injo a deep lake 
or reservoir. 

• 4)vSeasonal stratification is 

^typically thermal in natUre, 
' and inyolvac the -annual 

establisAmi^t of tl)e epilimnion, 
hypolimnion, and therfnqclme 
as described above. 

5) Density stratification is not* 
limited to two- layered systems; 
three, four, or »even more * 
layers may be encountered in , 
larger bodies of water. 

e ^ *'pli\nge line (sometimes called 
^Hhe^^mal line") niay develop at 
the mouth of a stream. Heavier 
water flowing into^a larke or 

• reservoir plunges below ihe ' 
lighter Water mass of'the epiliminium 
^to flow along at a lower level. Such 

* a line is usually "marked by an t 
accumulation of floating debris. 

• • * 
f Stratification may be modified 

^. or entir'ely -suppressed in some 
cases ^hen deemed expedient, by 
- m'ei^s of a simple. air lift.* 

The viscosity of water is greater at 
lower temperqjfcures (see Table 4). 



This is important not only in situations 
involving the control of flowing water 
as in a sand filter, but also since, - 
overcoming Resistance to flow gen- 
erates heat, it is significant in the 
heating of wajer by internal friction 
from wave and .current action. 
Living organisms more easily suppor^t 
themselves in the more viscous^ ^ 
(and also denser) cold waters of the 
arctic than in the less viscous warm 
Vaters of the tropics. (See Table 4). 

0 

TABLE 4 * 

1 ■ • 

VISCOSITY OF WATER (In millipoises at 1 atm) 





Pissojlved solids in g/L 


' Temp. 0 c 


0 T 


5 


10 


30 


-10 

•* 


26. o/ 








- 5. 


21.4/ 








0 


17.^4 


18. 1 


18.24 


18.7 


5 


15:19 


15.3 


15.5 


16.0 


10 ' 

s 


l/. 10 


13.2 


'is. 4 


1^.8 


30 


8.00 


8.1 


8.2 


8.6 ^ 


100 


* 2.84 









4* Surface-tension has biolog^al as, well 
. as physical -significance. Organisms 
whose bocjy Surfaces cannot be wet by 
water can either ride on the surface 
film or ijfi some instances may be 
"trapped" on the surface film andie 
unable to re-enter the water., 

5 .'beat or ener^gy 

Incident solar racfiation is^-the prime 
Source of en^gy for virtually all 
organic ahd most inorganic processes 
on esfrth. For the earth as a whole, 
the total amount (of energy) received ' 
^^nually mui^t exactly balance that 
lost by reflectioh and radiation into 
space if clirfiatic and i*elate(l con- 
ditions are to remain relatively 
constant over geologic time. 



1 

[ 
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For a given body of water, 
immediate sources' of energy ■ 
inqlij^e in addition to solar 
irradiationj terrestrialjieat, 
transformation of kinefic ener^ 
(wave and current action) to heat, 
'chemical and biochemical 
reactions, convection from the ^ 
atmosphePe, and condensation of ^ » 
ater vapor. 

b ^'he proi^ortion'oT light reflected * 
depend^ on the angle of incidence, 
the temperature, color^ and otffer 
qualities of 'the water; and the 
f5resence oT* absence of fijms^ ( 
^of lighter liquids such as oil. ^ 
In ^eneral/as the. depth incr'eases 
arithmetically, the light fends to 
decrease geometrically. Blues, ' 
greens, and yellows tend to * 
penetrate most deeply while ultr^ 
violet, violets, and orange- reds 
are most quiclcly absorbed. On 
-the order of 90% of the total 
illumination which penetrates the 
surface film is absorbed in the 
first 10 meters of even the clearest 
water, thus fending to warm the 
•upper layens. , ' ■ - 

Water movements * 

r:z — : 

a Waves or" rhythmic movement 

4) The best known are traveling 

waves caused by wind. These are 
effective only against objects near 
the surface. TTaey have little- 
' effect on the movement of large 
^ masses of water. - * 

2> Seichfe^s^ r • * " 

Standing ^waves oi^ s eiches occur 
in lal^^s, estuaries, and other^ • 
en^fesed bodies of water, but are 

2ldomJaJ?^e enough to .b^ 
•Observed. An ''internal wave or 
seicb" is an oscillatidn in a 
subrtiersed mass of water suchi 
as^a hypOlimnion, accompanied 
by compensating oscillation in the , 
overly in*g ^Vater so^that-ncv - 
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sigrvificant change in surface, 
level is detected. Shifts fn 
submerged water masses of . 
this type can have severe effects • 
^ on the biot& and also on human 
water Uses where withdrawals 
arjs^confined to a given depth'^ 
Descriptions and analyses of 
many other types arid sub-types 
of waves and wa^e-likgf moyements 
may be found in the literature. 

b Tides ' \ * 

1) Tides are thevlongest waves 
known, and are responsible for 
the onrce or twice a day rythmic 
ris'e and fall of the'ocean level 
on most shores, around thfe world. 

2) W^tiile part and parcel of the , 

same phenomenon, it is'often 

convenient to refer to the riser * 
« » • 

^ and fall of the water level as » 

"tide, " and to the resuljing 

Qurr.ents as "tidal c^irrents. 

3) Tides ai'e basically ca^ised by the . 
* attraction of' the sun and moon on 

■ water masses, large and small; 
however, it is 3cnly in the oceanfe 
and p^fesibly certain of the larger 
. lakes that ti'ue tidal action has 
been, demonstrated. The patterns 
^ oftidal action are enormously 

complicated by local, topography, 
.interaction with seiches, and 'other 
faptors. The literature on tides 
is very large. ' * ^ 

c Currents (except tidal currents) 

§ire steady arythmic vyater movements 
which have had major study only in 
oceanography although they are, 
most often observed, in rivers and 
streams. * They are primarily 

^ • concerned with the translocation of 
water masses. They may b^, generated' 
internally by virtue of density changes, 
or externally by wind or terrestrial 
topography/ Turbulence phenomena 

' or eddy currents are largely respon- 
'sit^}p-f6r^lateral,^m'ixing in a cur'rent. 
These are o/far more importance 
in the economy of a body of wat^r than 
mere laminar flow«\ 

1-5 * 
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d "Cot^iolis force 16 a result of inter- 
action between the rotation of the 
earth, and the movement of masses 
or bodies on the earth. The net ' 
result is a slight tendency for moving 
objects to veer to the right. in the ■' 
northern hemisphere, and to the\ 
]ept in the southern hemisphere . 
While the result in fresh watery is 
usually negligible, it maybe con- 
siderai)le in marine waters. For 
example, other factors permitting, 
tJ\ef e is a tendency in estuaries for 
fresh water* s'to move toward th'e 
oceah faster along the right bank, 
while salt tidal waters^ tend to 
intrude farther inland .along the. 
left bank. Effects are even^more 
dramatic in the open ©ceans. ^ 

e Langmuire spirals (or Langfnuire 
circi^ation) are a relatively- 
massive cylindrical motion imparted 
to surface waters under, the influence 
of wind.' Th^ axes of the cylind||;s 
' are parallel to the .direction of the, 

• ivind, arid their dejJth and velocity 




depend on the depth of the jvater, 
tKe velocity and duration of the 
wind, and other f actor rf. * The net 
result is that adjacent cylinders 
tand to rotate in opposite directions 
like meshing cog wheels. Thus* . * 
the water between two given spipal^ 
may! be meeting and sinking, while . 
that between spiralis on eitfter- side * 
will be meeting euicJ rising. Water 
over the sinking, while that between 
spirals on either ^ide will be meet- 
ing and rising;^ Water over. the . 
sinking areafif tends to accumulate 
flotsam and jetsam on the surface 
\n long conspicuous lines. ' 

''a This phenomenon is of consider- 
able importance to those sampling 
for' plankton (or even chemicals) 
near the surface when the. wind * 
is blowing. Grab samples from 
either dance mi'ght obviously 
^ differ considerably, aiJeKlf , 
. a plankton tow is contemplated 
I it should b^ made^across the 
wind in order thajt the, net 
may pass Uirough a succession 
of both dances. 



J/ATER 
SURFACE 



WATER 
RiSiNG 



WATER 
SINKING 



Figure 2. Langmuire'Spirals 
h. Blue water fising. r. fed 
dance, watisr sinking, floating oi\ 
swimming- ohiecte concentrated. ^ 
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b Langmuire spirals, are not 
Usually established until the 
wind has either b^ea blowing ' 
. for an >extehcfed period, or 
.else. is blowing rather hard. 
Their presence can be detected 
by the lines of fo^m and 
other floating material which 
coincide with the direction 
of the wind* . 

6 The pH of pure water has been deter-, 
mined between 5.7 and 7. Qi-by various 
workers. • The latter value is most 
^widely accepted at the present time. 
Natural waters of coarse vary widely 
according to circunastances. 

The elements of hydrology mentioned 
above represent a selection of some of 
the more conspicuous physical factors 
involved in working with water quality.' 
Oiher ^ems not specifically nientioned 
include:, molecular structure of waters, 
interaction of water and radiation, 
internal pressure/ acpustical charac- 
teristics, presVure-volume-temperature* - 
relationships, refractivity, luminescence, 
co^or, dielectrical characteristics and 
.pheoomena, solubility, action and inten- ^ 
actions of gases,'^iquids and 'solids, 
water vagor, phenomena of hydrostatics 
and Hydrodynamics in general. 
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Part 2: The Aquatic Environment as an Ecosystem' 



I INTRODUCTION' 

ParM introduced the lithosphere and the 
hydrosphere. Part 2 will deal with certain 
general aspects of the biosphere, or the 
sphere of life on this earth, whiTch photp.- 
graphs from* space have shown is a finite 
globe in infinite space; 

This is ^he habitat of man and the other 
organisms. His relationships with t^e 
aquatic biosphere ar.e our common concern. 



JI THE BIOLOGICA h NATURE OF THE- 
. WORLD WE UVE IN ^ 

A We can only imagine what this world 

must hav^ been like- before there was yfe." 

B The v/^drld as we know it is largely shaped 
by the forces of life. " , . 

^ 1 Primitive forms of life created organic 
matte^oand establi'shed soil. 

> « > 

2^ Plants cover the lands and enormously 
influehx:e the forces of erosion. 

3 The nature and rate of 'ero sion affecft 
the redistributiiDn of materia^lf 

(and mass) on the ^rface of the , < 

earth (topographic changes), 

4 Organisms tie up vast quantities of 
certain chemicals, such as carbon 

^ ando^tygen. ^ 



5 Respiration of plants and animals . 
releases carbon dioxide to the 
atmosphere in influential quantities. 

6 CO^ effects the heat transmission of 



m ECOLOGY IS THE STUDY OF THE 
INTERRELATIONSHIPS BETWEEN • 
ORGANISMS, AND BETWEEN ORGA- 
NISMS AND THEIR ENVIRONMENT, 

A The ecosystem is the basic functional^ 

unit of ecology. Any area of nature that 

includeSliving organisms and nonliving ' 

substancespteracting to produce an 

exchange ofi' materials between the living 

and nonliving parts^onstitutes an 

ecosystem. (OduitC 1959) • ^ 
» 

1 From a structural standpoint, it is 
convenient to recognize four 
CiPnstituents as composing an 
ecosystem (Figure. 1). 

a Abiotic NUTRIENT MINERALS 
which aiie the physical stuff of 
.>yhtph living protoplasm will be 
> » synthesized. 



the atmosphere. 
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C ,6rganisnis respond to and in turn affect 
their environment., Man is one 6X the 
"^mosi influential. 



b Autotrophic (self- nourishing) or 
, PRODUCER organisms. These 
^ 3iX:e largely the green plants . 
•(holophytes), ,but* other minor 
groups nvust also be included 

• . (See Figure 2). They assimilate 
the nutrient i^inerals,^ by the use 
of considerable energy, and combine 
thqm 'into living organic substance. 

6 Heterotrophic (other-nourishing) 
' ^CONiSU'MEBS (holozoic). are chiefly 
^th^ animals. They ingest (or eat) 
and digest organic matter, releasing 
considerably energy in the process. 

d Heterotrophic REDUCERS are chiefly 
bacteria aiid fungi that return 
complex organic compounds back to 
the original slbiotic mineral condition, 
thereby rele$ising the remaining 
chemical energy. 



2 From a fimctional standpoint, an ^ 
* ecosystem hag two paints (Figure 2) 
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€0 NSUMERS 




PRO D UCERS 



REDUCERS 




NUTRIENT 
MINERALS 




FIGURE 1 



a The autotrophic or producter 
organisms, which utilize light 
energy or the oxidation of in- 
organic bompounds as their- 

' sole energy source. 

\ 

b The heterotropic or consumer 
and reducer organisms which 
.•utilizes organic compounds for 
its energy and carbon requirements. 

3 Unless the autotrophic and hetero- 
trophic phases of the cycle approximate 
a dynamic equilibrium, the ecosystem 
und the environment will change. ^ * 

• ^ • ^ 

B Each df'these'g^oups includes simple, 

single- celled representatives, persistiiig 
K9r> at lower levels on the evolutionary stemfe 
of the higher organisms. (Figure 2) 

1 These groups span the gaps between the 
higher kingdoms with a multitude of 
transitional formsj They are collectively 
called the PROTISTA and MONERA* 



These two groups can bexiefined on 
the basis g£ relative complexity of 
structure. 

a The bacteria and.blue-green algpie,. 
lacking a nuclear membrane are . 
the Monerk.^ 

b The single- celled algae and 
protozda are Protista. 



C Distriljuted throughout these groups will 
be found most of the tradition^J^hyla''' 



of classic biology. 



IV* FUNCTIONING OF THE ECOSYSTEM * 

A A food chain is the transfer of food energy 
; from plants through a aeries of prganisms 
with repeated eating and being eaten. 
Food chains are not isolated sequences but 
aire int^erconnectfed. 
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RELATIONSHIPS BETWEEN FREE LIVING AQUATIC ORGANISMS 

Energy'Flows from^efrto Right, General Evolutionary Sequence is Upward 

PRODUCERS-'^ . CONSUMERS . REDOCERS 

■ Organic M«tgH^ Produced .' P'-g^"*^ M^terM Ingested or 
UsuaU/^Photos^Hniiiiri Dige^Wnany 



Organic Material Reduced 
by Extracellular Digestion 
and Intracellular Metabolibm^ 
to Mineral Condition 



ENERGY STORED 


ENfeRGY RELEASED 


EMERGY RELEASED 


Flowering Plants and 


Arachnids 


Mammals * 


Basidiomycetes 


Gymnosperps 


. Insects 


Birds . 




Club Mosses, Ferns 
s 


• Crustaceans 


Reptiles 




, Liverworts, Mosses 


Segmented Worms 


Amphibians 


Fungi Iniperfecti. 


Molluscs 


Fishes 




* 

Multicellular Green 


Bfyozoa 


Primitive 




Cl)ordates 
FJchinoderms 




Algae 


Rotifers 
Roundworms 


Ascomycetes 


Red Algae 


Flatworms 








Coelenterates • 










Higher Phyconiycetes 


Brown Algae- 


Sponges » 







DEVELOPMENT OF MULTirfeLLULAR OH COENOCYTIC STRUCTURE^ . 



Unicellular Green Algae 
Diatoms 

Pigmented Flagellates 



PROTISTA 

1^ V o to Y o a 



Amuuboid 

'•-^g^U^ted, 
(n6ft-pi^»mcnted)' 



C'llliaU'd 
Suctoria - 



Lower 
Phycomycetes 
(Chytridxales, et. al. )' 



0I:VEL01»1V1ENT OF A N'UCLKAR MI:;MHHANK 



Blue Green Algae 

Phototropic Bacter'ia 



I r— 

MONERA 
I I 

' i I 

Cheniotropic Hactcna | | 

II 



Saprophyl ic 
Bacterial 



Actinomycetefi 
•S}>ir<)<:naotes 
/ 



Tjrpes 



FIGURE 2 
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B A food web is the interlocking p^^ttern of 
food chains in an ecosysteiti. (Ptgures 3, 4) 
In complex natiiral communities, organisms 
whose food is obtained by the same niimber' 
of steps are said to belong to the same 

, trophic (feeding) level. * ^ 

C Trophic Levels 

1 First - Green pla.nts (producers) . 
(Figure 5) fix biochemical energy and 
synthesize basic ox^ganic substances. 
This is primary production . 

2 Second - Plant eating animals (herbivores) 
depend on the producer organisms fdr 
food. 

3 Third - Primary caijhivores, animals 
which feed on herbivores. * 

4 Fourth --Secondary carnivores feed ori 
primary carnivores. 

5 lAst Ultimate carnivores are the last 
or. ultimate level of consumers. 



D -Total Assimilation 



The amount of energy which flows through 
a trophic level is distributed between the > 
production of biomass (living substance), 
and the demands of respiration (internal 
energy use by living organisms) in a ratio 
of approximately 1:10. 
E Trophic Structure of the Ecosystem ' 

The interaction of the food chain ^ 
phenomena (with energy loss at each 
transfer) results in various commimlties 
having definite trophic structure or energy- 
levels. Trophic structure may be 
measured and described either in terms 
of the standing crop per unit area or in 
terms of energy fixed per unit area per 
'unit time at successive trophic leV^ls. » 
Trophic structure and function can be 
shown graphically by means of ecological 
pyramids (Figure 5). 




Figure 3. Diagram d the pond ecosystem. -Basic units are asJoUows: I, «l>J?«c substances-bosfc inorg^^^^ 
oriLic compound; IIA. proSucers^roited vegetation; IIB, producers-phytoplankton; IIHAj primary consumers 
(ffvoS^^bottom lo^l IIMB. prirrlary co^unier. (herblvores)-zooplankton; III^ ^^^ffiT^ ^ 
aivorti); t^tiaiy ooMumcfi (iecondaiy camivorei); IV, decomposers-bacieria and fungi of decay. 



ir 1-12 




•Figure 4. a MARINE ECOSYSTEM (After Clark, 1954 and Patten, 1966) 
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Decomposers 



(a) 

1 



Carnivores (SccondarV) 
Carnivores (Primary' 
Herbivores 



Producers 



(b) 



(c) 



///>j / II I II / n i 1 1 I I 'l.i \ 



Figure 5. HYPOTHETICAL PYRAMIDS of 
(a)*Numbers of individuals, (b) Bioiriass, and 
•(c) Energy (Shading Indicates Energy ,Loss). 



/, ' V BIOTIC COMiylUNITIES " ' 

y^A Plankton are thfe macroscopic and 

microscopic animals, plants, badteria, 
etc., floating free in the open ware^ 
Many clog filters, cause tastes, odors, 
and other troubles in water'^supplies. 
. ^ Eggs and larvae of largeV forms are 
often present. 



a; 



1 Phytoplankton arp plajifcJik^^,.^ .These 
are the dominant producers of ti^ 
waters, fresh and salt, -,'*the grass , 
of the seas".' 



2; Zooplankton are aninoal-like. 
' Includes many different animal types, 
range in size from minute protozoa 
to gigantic marine jeltyfishes. * • 

Periphyton (or^Aufwuchs) - The communities 
\ of microscopic organisms associated. with 
\ submerged surfaces of any type or depth. 



^ Includes bacteria, algae, ^protozo^ and 
other microscopic animals, and often the 
young or embryonic stages of algae' and 
other organisms that no'rmally grow, ur 
to become a part of the benthos (see belpw). 
Many planktonic types will also adhere , 
to surfaces as periphyton, and some 
typical periphyton may break off and 
be collected as plankters; 

C' Benthos are the plants and animals living • 
on, in, or closely associated with the 
bottom. They include plants and ^ 
"invertebrates. ^ 

D Nekton are the community of strong 

aggressive swimmers of the open waters, 
often called jjellagic. Certain fishes, 
^ * whales, and invertebrates such as 

shrimps and squicjs are included here. 

^ E The marsh community is based on larger * 
"higher" plants,^ floating and enlergent. 
• Both nxarine and freshwater marshes are 
areas of enormous biological production. 
* Collectively known a6 "wetlands", they 

* HrifigiM,^*^ gap between the waters and the 

' dry llanHs^* ' 

VI PRODUCTIVITY . 

« 

A The biological resultant of all physical 
' and chemical factors in the quantity of 
life that may actually be present. The 
abilitjfcto prpduce this "biomass" is 
often referred! to as the "productivity" 
of a body of water. This is neither good 
noi: bad per se. A water of low'pro- 
ducitivity is a "poor" water biologically, 
and also a relatively "pure" or "clean" - 
water; hence desirjable^as a water supply 
or ^ bathing beaqh^ ,A productive water 
on the other hand may be a nuisance to 
man or highly desirable. It is a nui-sance 
if foul odors and/or weed-chocked 
waterways result, it is 'desirable if , , 

^ bumper crops of bass, catfish, or 

oysters are produced. Open oceans have^ 
a low level of productivity in geheral. ^ , 
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VII PERSISTENT CHEMICALS* IN THE 
ENVIRONMENT 

/^Increasingly complex manufacturing processes, 
^ coupled with fising industrialization, create 

* health hazards for humans and aquatic life* 

Compounds besides being toxic (acutely or 
chronic) may produce 'mutagenic effects 

* including Cdncer, tumors, and teratogenicity 
(embryo defects). Fortunately there are,tests, 
such as the Amis test, to screen chemical « 
compounds for these effects. 



V • 

svels of ca 



Metals - current levels of cadmiunv lead 
and other substances constitute a mount- . 
ing concern. Mercury pollution, as at 
Minimata, Japan has b^en fully documented. 



Pesticides 



V 



1 A pesticide and its metabolites may , 
move thi*bugh an ecosystem in many 
ways. Hard (pesticides which are 
persistent, having a long half-life in 
the environment includes the organo- 
.chloHnes, ex, , DDT) pesticides 

, ingested or otherwise borne by the 
target species will ^ay in the 

; ^^^'i^nvironment, possibly to be recycled 
or* concentrated further through the 
h^tciral action of food chains if the 
species is eaten, ^ Most of tjie volume 
of pesticides do not reacfi* their target 
afall, 

2 Biological magnification 

* Initially, low levels of persistent A^.' 
pesticides in air, soil, and water may 
^ be concentrated at every step up the 
food chain. Minute aquatic organisms 
and scavengers, which screen water and 
bottom mud having pesticide levels of a 
few parts per^^billion, can accumulate 
levels measui^ed in parts p<er million— a. 
thousandfold increase. The -sediments 
Ihqluding fecal deposits are continuously 
recycled by the bottom animals.* ^ 



•Oysters,*^for instance, will' con- 
centrate ll^DT 70,000 times higher 
in their tissues than it's concentration 
in surrounding water. Tfiey can 
also partially cleanse themselvies 
in water free of DDT, * * 

Fish feeding on lower organisms 
build up concentrations in their 
visceral fat which may r\ach several 
thousand parts per million and levels 
in their edible flesh of hundreds of 
parts per million. 

Larger animals, such-as fish-eating 
gulls and other birds< can. further 
concentrate the chemicals, .A survey 
on organochlorine residties in aquatic 
birds in the Canadian prairie provinces 
showed that California and ring-billed, 
gulls were among the most contaminated. 
Since gulls breed in colonies, breeding 
population changes *can be detected and 
related to levels of chemical con- 
tamination. Ecological research on 
colonial birds to monitor the effects 
of chemical pollution on the environ- . 
ment is useful. ' • 



"Polychlorinated biphenyls*' (PCB's). 
PCB's were.used in plasticizers, asphalt, 
ink, pap^r. and a host of other products. 
Action was i5^ken to curtail their release 
to the environment. since4heir effects 
are similar to hard pesticides. However 
this doesn't solve the^^roblems of con- 
tafninated sedirnents and ecosystems and 
final fate of thd PCB's still circulating. 

There are numerous' other compotlnds 
which are toxic and^accujuulated in the 
ecosystem, ^ 
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Part 3. The Freshwater Environment 



I INTRODUCTION . • * • 

The freshwater environment as considered 
herein refers to those inland waters not 
detectably diluted by ocean waters, although 
the lower portions of rivers are subject to 
certain tidal flow effects-. - 

Certain atypical inland waters such as saline 
or alkaline lakes»^ springs, etc. , are not* 
treated* as the main objective ^lere is typical^V 
inland water. ^ 

All water's have certain basic biological cycles 
and types of interactions most of which have 
already beert presented, hence this outlin^- 
will concentrate on aspects essentially 
peculiar to fresh inlapd waters. 



n preJsent water quality as a ' - 

5a[JNCTION OF THE EVOLUTION OF ' 
FRESH'WATEIJS " ' 

A The history of a'body of \9ater determines 
its present condition. Natural waters have 
evolved in the course of geologic time 
into whaflwe know today. 

B Streams. 

In the course of their evolution, »^^eaflhs 
in general pass through four stages of 
. development which may be called: birth/ 
youth, maturity, and old age. 



' These terms or conditions may be 
employed or considered in two contexts: 
temporal, or spatial. In terms of geologic 
time , a gjven point in a stream may pass 
through each of the stages described below 
or: at any given time , thes6 various stages 
of development cam be loosely identified 
in successive reaches of a stream traveling 
from its headwaters tb base level in oc6an 
or major lalce. 

1 Establishment cA:* ^irth*. 3|hiS 

might be a "dry rm^* or headwater*^ 
* stream-bed., before it had eroded * 
down to the level of ground water. 



■ ^ During periods of run- off after a 
rain or snow- melt, buch a gulley 
. "would have a flow of wat^r which 

— might yange from torrential to a 
mere trickle. Erosion may proceed 
rapidly as there is no permanent 
aquatic iiora or fauna to stabilize 
streambfrd materials. Oh the other 
hand, terrestrial grass or forest 
growth may retard 'erosion. When 

^tf^e run-^ff has passed, however, 
the "strearnbed" is dry, * ' 

2 Youthful streams. When the 
streambed is-erodeS belpw the 
ground water level, spring or 
seepage jvater enters, and the 
stream becomes permanent. An 
a«iuatic flora' and fauna develops 
^and water flows the year rounci. 
Youthful streams typically have a- * 
relatively steep gradient, rocky. be^ds, 

^ith rapids, falls'*, and small pools. ♦ 

3 Mature streams. Mature slredlms 
have wide valleys, a developed 

* flood plain, are *deep^r, more 
/turbid, wd usually have warmer ' 
water, ^and, rfiu.d, silt, 0 clay 
bottom material^ w^iS«i shift With » 
increase' inflow/* Iniheir more 
favorable reaches,- streams in this 
oondition are at a peak of biological * 
productivity. Gn&dients*are moderate, 
riffles, or rapids are often separated 
b~y long pools . . ! . « 

4 Infold age, streams have approached 
geologic base level,4 usually the 
ocean. During -flood ^u^|(ge they scour 

' their beds and deposit materials on 
th^ flood plain which may be very ^ 
brdad and flat. During normal flo;v 
the channel is i*efilled and^many * 
shifting bars are developed, jyieancifers 
and ox-bow lakes are' often formed. 
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^ * (Under the influence of man this 
pattern may be broken up, or 
temporarily intenrupted. Thus an 
. essentially "youthful" stream might 
take on some of the 'characteristics 
of. a "mature" stream following soil 
erosion, organic enrichment, and 
increased surface runoff. Correction 
oi these -conditions might likewise be 
followed by at least a partial revef sion 
to the "original" condition). 

C ^ Lakes and Reservoirs 

- Geological factors*. ^hiqh significantly 
affect the natuue of either a stream or 
lake include tjje following: 

1 ThQ geographical location of the 
'drainage basin or watershe^^^ ^ ^ 



became a lake. Or; th«. glacier may - 
actually scoop out a* hole.. Landslides ' 
may dam valleys, extinct volcanoes,*may 
'^^"^ collapse, etc., etc' 

2 Maturing or natural eutrophicati-qn of 
'glak^^. ^ ' , • * 

a If not ^lrj§a^ present shoal areas 
•are developed through erosion 
and (Jeposition of the shore material 
by wave action and underto^w. 

" Ip, CJurrents produce bars across bays ^ 
and thu^ cut off irregular areas. 
i 

c Silt brought in by tributary streams 
J settles out in- the quiet lake water 



2 The size and shape of the drainage 
basin. ' ' 

<3 The general topography, i.e.,y 
mountainous^ or plains. 

4 The character of the bedrocks and 
soils. 



5 T*he character, amount, annual 

distribution, and rat^ of precipitation^^ 

6 . The natural vegetative cover of the 
land is, of course, responsive to and 
responsible for many of the above ' 

/ factors and is also severely subject 
to the whims of civilization. This • 
is one of the major factors determining 

_ , run-off versus soil absorption, etc. 

D Lakes have a developmental history which 
somewhat parallels that of streams. This 
process is ofte|a referred to as natural 
eutrophicationy ^ — 

1 The methods of formation vary greatlyf 
. but all influence the character and 
subsequent^history of the lake. 

In glaciated areas, -for example, a 
huge block of ice may have be^n covered 
with till. The glacier retreated, the 
I ice melted, 'and the resulting' hole - " 
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i d .Algae gi ' ow attach ed tQ^rfaceS, 

agd floating free plankton. Dead 

\ organic matter begins to accumulate ^ 
^on^the botitom. 

e Rooted aquatic plants grow on 
shoals &nd bars, and in doing so - 
ciit off bays and'Cont;ril?ute to the 
fiUtogof the^Oake. 

t rJissclyed carbonates and other 
materials are preciphateld in t^e 
deeper pojtions of the lake in part 
thfbugh the action of plants. ' 
** " ' . \ * ^ 

. ' g ^^hen filling is weUVa^avanced, - 

mats of sphagnum moss ma.y extend 
outward from the shore.' These 
mats are followed by sedges and 
grasses^ which finally convert the ^ 
lake jlnto.a.marsh. , 

3 ^Extinction of lakes. After lakes reach 

maturity^ theii;' progress toward 

filling up is accelerated. They become 

- • extinct through: • / f ' 

♦» ^ 

a* The.downcutting of the. outlet. 

b FiU&g with detritus erode^hfrom 
the shores or brought in by<s J ' 
^ tributary streams. 

c Filling by the accumujlation of the - • 
remains of vegetable materials 
gMwing.in the lake itself. 
'' t (Ofiten two or three processes may 
act concurrently) 



im PRODUCTIVITY IN FRESH WATERS 

A Fresh waters Tin general and under 
, natural conditions by definition have a 
lesser supply of dissolved substances 
* th|Ln marine waters, and thus a lesser 
basic potential for* the growth .of aquatic 
organisnns^ By same token, they * 
m^'be said to be more sensitive to the 
addition of e^raneous materials < 
(pollutants, nijti;ients, etc.), The 
following noies are directed toward 
natural geolo^cal and pther environ- 
mental faqtorg as they affect the 
productivity 'of fre^ yf&ters , 

B Factors Affecting Stream Productivity 
(See Table 1) 

. ...TAfiLE . o ^ 

EFFECT OF SUBSTRATE ON STRJEAM ^ 
PRODUCTIVITY* 

(The productivity of sand bottoms is 
taken 1) • ' ^ 





^ Bottom Material 


Relative 
^ Productivity 


Sand 

MarJ ^ ' / 
Fine Gravel 
Gravel and pilf 
Coacsfe gi'avel ' 
MosQ on fine gravel 
Fissidens (moss) on coarse 


1 
6 

' '14 

32 . ■ 
89 . 

19'4' ' 
301 

. 452 V 


gravel V. ~ 
Ranunculus (water buttercup) 


Watercress --i , 
Elod^a^(watei:weed) 


^Selected from Tarzwell 1937 ' ' 
~ * -* • 

» To be' productive of aquatic life, a ^ 



2 As the stream flows toward a more 
^ ^'mature'' condition, nutrients tend to 
^ . accumulate, and. gradient diminishes 
'k * and so time of flow increases, temV 
perature tends to increase, and 
plankton flourish. 

Shquld a heavy load of 4nert silf 
(develop on the other hand, the 
' tyrbidity would reduce the light 
penetration and consequently the 
general plankton pro^duction would 
diminish. 

. 3 As the stream approaches base/lev^l 
(old age) and thei time -available for 
•plankton growth increases, the /• . 
balance between tumidity, nutrieht 
levels; anc} temperature a'nd bther ^ 
seasonal* conditions, determines the 
ONrerall productivity. ^ 

^p'^ctors Affecting the Productivity of 
lakes' (See T^le 2) 

1 The size, shape, and jdepfh of the 4 
lake basin. Shallow watjer is more 
j^rodUctive' thait deeper water since 
more light will»i:each the bottom to 
stimulate rooted plant growth. As 
a corollary, lakes,with i^ore shore- 
line, having more shallow water, ' 
arQ in general more productive. 
Bnoad shallow lakes *and resei*voirs 
have the greatest production potential 
(and hence should be avoided for 
' Vater supplies). ' * * . 



TABLE 2, 



' • . EFFECT OF -SUBSTRATE * 
ON LAKE PRODUCTIVITY * 

~ (The productivitjr lof sand'bottdms is taken^-s^s 1) 



stream must provide adequate nutrients, 
light, a N suitable temperature)* and time 
for gtowth to tak^ place. 



YoUthful'streams^ especially on rock 
.0^ sdhtf substrates are^lpj^^ in essential 
^nutrients. ' Temperatures in moun- 
tainous regions are usually Idw;* and • 
due to th^ steep^gra^Sient, time for 
-growth is aliQrt. Although ample 
light is afv^ilable,' growth of true 
plaxiiAfm ia thus greatly ymit^d. 



bottom- Material 


Relative Productivity 

. U: \. , - 


^Sand 
^^'Pebbles * ^ 
' Clay ^ - ' 
. Flat rubble / ' • 

Block rubble . 

Shelving rock*^ - 


^ ^ • 1 ^ > 
11 

; • 77 



* Selected fro^n^Tarzwell 1937 
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D Factoi^ /Effecting the 
Re'servoirs 




•|iard.wat€trs are^enerally iriore . 

^prbducti^e than sQjEt waters as there 
are more plant nutrient minerals..^- — ->^. 
available.^ This is often greatly in- 
fluenced by the" character of the soil 
jand rocks in the watershed and the 

, quality -^nd qa^ntity of ground water 
entering yie lake. In gei^rar, pH 
ranges*o^,8 to*6.2 appear to be 
most productive. 

Turbidity red\ices prpductivity as " 
ligh^ penetration^ is reduced. 

The pres^ce or absence of thermal 
stratification^ with its -semi-annual 
Turnovers affects productivity by 
distributing nutrients throughout the - 
water mass. 

Climate, temperature"; prev^l^ce of 
*ice and snow, aise'Siao of course 
important . 



luctivity of 



The productivity of reservoirs is ' 
governed by much the same principles 
^as that of lakes, with^^e difference 
that the water level 'is much more 
under the control of man. Fluctuations 
in water level can be used tb de- 
liberately increase or^decrease 
productivity. *^his canjDe demonstrated* 
by a comparison* of the TVA reservoirs 
which practice a summeHdrawdowh 
with some of those in, the west where 
a wintex drawdown is the rule. 



The l^vel at which wat^ is removed 
from a reservoir is important to^tlie^ 
productivity of the stream below. 

■ The hypolimnion may. be anaerobic 
while the epilimnion is aerobic, .for 

^example, or^he epilimnion is popr in 
nutrients. 'while the hypoliinnion is 

» relatively rich^^ 

Reservoir discharges alsq profoundly 
affect the DCJ, temperature, an<4 
turbidity in the<»stream beloAv a dam. ^; 
Too much fluctuation in flow may^- 
permit secftipns ojf 'the' stream, to dry, 
or provide inadequate dilution for 
4pxic waste. ' " ( 



IV^ CULTX^RAL EUTROPHICATION 

A. Th^ general processes of natui*al 
eutrophi\cation, or natural enrichment 

^ and productivity have been briefly out- 
lined ati^ve. 

B When therjactivities of "man speed up 
- these enrichfnent processes by intro- 
ducing upiatural quantities of nutrients ^ 
(sewage, etc. ) the result is often called 

ltii;iral ejitrophication . This term is 
often extended beyond its original usage 
to include the enrichment (pollution) of 
streams, lestuaries, and even oceans, as 
well as lakes. 



V CLASSIFICATION OF LAKES AND 
RESEJRVOIRS 

A The productivity of lakes and impound- ^ 
ments is such a conspicuous feature that 
, it is often used as a convenient' means of 
X"*'". classification.- 

' 1 Oligotrophic lakes are the younger, 

less productive lakes, which are deep, 
have clear water, hiid ysually support 
Salmonoid fishes in their deeper waters. 

2 ' Eutroptiic lake^ are more mature, 
more turbid, and richer. They are 
usually shallower. They are richer 
0 in dissolved solids; N, P, and Ca are . 
abundant.' Plankton is abundant and 
there is often a rich bottom fauna. 



31, Dystrophic lakes, such as bog lakes, > 
are low in Ph, water yellow to brown, 
dispolvejd solids, N, t^, and Ca scanty 
but humic materials abundant, bottom 
fauna anSd plankton poor, and fish 
species kre limited. 



B Rieservoirs ^ay also be classified as 
siorage, an^ run of the river. ^^"^^ 

1 ^Storage reserv<^rs have a large 
volume in relation to their inflow. 



2 Run of the river reservoirs have a ' 
iarg^.flow-thro2|h in relation to their 
storage value.' 
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According to "location, lakes and 
reservoirs may be classified as polar, 
temperate, or tropical. Differences in 
climatic ^d geographic conditions 
xesult in^differences in th^ir^biology. 



VI SUJVHVTARY 

f \ 

A A b^ify of water such as a lake, stream,^ 
or estuary represents an intricately 
balanced-i^stem in a state of dynamic 
equilibrium. Modification imposed at 
one point in the system automaticalljr 
results in compensatory adjustments at 
associated\points^ 

B The mori thorough our knowledge of the 
entire systeni thb better we can judge 
where t9 impose control measures to 
achieve a desired result. 
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Part 4. The Marine Environment and its Role in the Total Aquatic Ehvironment 



\^ INTRODUCTI^-. 



A The niarine environment is arbitrarily 
• defined as the water mass* extending 
beyond the continental land 'masse ^^ t 
includihg the plants and animals harbored*, 
therein. .This water 'mass is large Eind 
*« deep, cove^^g about 70 percent of the 
earth's surface and being as deep'as 
7 miles. The salt content averages- «. 
^ about 35 parts pervthousand. Life extends 
.to all depths'. • ' ^ " 

i The general nature of the water cycle on, 
earth is well knpwn. Because the largest' 
portion of the, surface area of the earth 
is covered with water, roughly 70 percent 
of the earth^s rainfall is on the seas. 
(Figure 1) ' _1 




Tlr»r» I. THE WATER CTCU 



- Since rbughly one third of the 
. rain which falls on the land is a'gain 
recycled through the atmosphere • 
(see Figure 1 again), the total amount* 
of water washlng.bver [the ^r^rth's surface 
is significantly greater^ than one third qf 
the total world rainfall. It is thus' not"" 
surprising to note that the rivers which 
finally empty into the se5 csui'ry a • > 
disproportionate burden of dissolved and 
suspended^olids picked up from the l^nd/rs^*' ^.j; 
The chemical.composition of this burden 
depends on the composition of ihs rocks 
and soils through whjich'the river flows; ' 
the^'prbximity of an ocean, the direction' 
of prevailing winds, anH* othe^fact^r s . • " 
This iSLth^ substance of geblo^cal erosion, ^ 



(Table. 1) 



TABLE 1 r , ^ 

' ' f 

PjBRCENTAGE COMPOSITfON OF THE MAJOR'^IONSI 
. OF TW.O STREAMS AND SEA WATER 

(Data from Clark, F.W., 1924, '"The Composition of Siver^ 
and Lake Waters of the United States'\ U.S. Ge^I. Surv, « 
Prof. Paper' No. 135; Harvey, ».W.. WS?! "The Chemistry ' 
and Fertility of Sea >Vaters", C^bridge yntversitytP^e^, 
Cambridge) ' * ^ '*\ 
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jFor this presentation, the marjhe 
.environment will fee (1) described using ^ 
an ecDlogicai approach, (2) characterized 
ecologically by c6mparing it with fresh-, 
water and estuarine environments, and 
(3) considered as a functional ecological 
system (ecosystem). 
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n FRESHWATEhfl, ESTUARINE^ AND 
MARINE ENVIRONMENTS , T 

Distinct differences are found in physical/^ 
chemical, smd biotic factors in going from 
a freshwater to an oceanic ,environment. 
In general, environmental factops'are more 
constant in fre^water -(rivers) and oceanic^ 
environments than in the highly variable ' 
and harsh environments pf estuarine andi 
cojystal waters. (Figure 12) , f 

A*" ;^hysicaland Chemical Factors 

RiVers, estftaries, and oceans ^re ' , 
tompareddn Figure 2 with reference to 
the relative instabiljtty (or variatipn) of . 
several important parameti5i?s. ' In the 
'oceans, i^^ will be noted, •^v^ry little change 
occurs in any parameter, • In divers, while ' 
."salinity" (usually referj-ed to as "dissolved 
; sglids") and t^peratufe (accepting jiorm^l 
' seasoilaj^ variations) chang€^ttfe;<the other* 
four parameters ^v^ry considerably. 'In * 
estuaiges, /they. all change. 
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Figure 2 . RELATIVE VALUES OF VARIOUS PHYSICAL AND CHEMICAL FACTORS 
FOR RIVER, ESTUARINE, AND OCEANIC ENVIRONMENTS 



B Biotitf Factors 

1 A complex of physical and ch^ical 
factors determine the biotic composi- 
tion of an environment. In general, 
the number of species in a rigorous, 
highly variable environment tends to t)e 
less than the number in a more stable 
environment (Hedgpeth, 1966). 

2 The dominant animal species (in 
term3, of total biomass) which occur ^ 
in estuaHes 3re often.transient, 
spending only a part of their lives in 

estuaries. This results in better 
utilization of ft rich environment^. 



C Zones of the Sea 

The nearshore environment is often 
classified in relation to tide level and 
water depth. The nearshore and offshore 
oceanic regions Itogether, are often 
classified with reference to light penetra- 
tion and water depth. (Figure 3) 

1 N eritic - Relatively shallow-y/ater 
zone which extends from the high-^ 
tide mark to the edge of the ^ 
continental shelf. 
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Figure 3 — Classiji'''itwn of marine euiironments 



a Stability of physical factors is 
intermediate between estuarine \ 
IP^ and oceanic environments. 

b Phytoplankters are the dominant 
producers but in some locations 
V, attached algae are also important 
• • ats producers, 

c *The animal consumers are 

zboplankton, nekton^ an^ benthic 
forms, . » 

2 Oceaiuc - The region of the ocean . 
^ beyond the continental shelf. Divided 
into three parts, all relatively 
poorly populated compared to the 
'neritic zone. , 

a Euphotic zone - W.aters into which 
sunlight penetrates (o|ten to thte 
bottom, in the neritic zone^w The 
zone of primary productivity often 
extends 'to 660 feet below the surface, 



.1) 'Physical factors 'fluctuate 
less than in the neritic zone, 

' 2) Producers are the phyto- 

plankton and consumers are 

the zooplankton and nekton. 
. « 

b Bathyal zone - From the bottom 
of the euphotic zone to about 
2000 meters, 

1) Physical factors relatively 
constant but light is absent, 

2,) Producers are absent and 
consumers are scarce, 

c Abyssal zone - All the sea below ' • 
the bathyal zone. \- 

1) Physical factors' more con- 
stant than in bathyal zone',* 

2) Producers absfent and consumers 
'^ven less abundant than in the 
bathyal zone, 
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in SEA WATER AND THE BODY FJ-UIDS 

A Sea water is a remarkably suitable 
environment for living cells,, as it 
contains all of the chemical elements 
essentia^tb the^rowth'and maintenance- * 
of plantS^and animals. The ratio and 
often the concentration of the major 
salts of sea water are strikingly similar 
*in the cytoplasm • and body fluids of 
marine organisms. This similarity is 
also evident, although modified somewhat 
in the bo^ fluids of fresh water and 
terrestrial amimals. For example, 
sterile sea water may be used in _ 
emergencies as a substitute for blood 
plasma in man. 

B Since marine organisms have an internal 
salt content similar to that of their 
surroxmding medium (isotonic condition) 
osmoregulation poses no problem. On the 
other hstnd, fresh water organisms are 
hypertonic (osmotic pressure of body 
fluids is higher than' that of the surround- 
ing water). Hence, fresh water animals 
must constantly expand more energy to 
. keep water out (i. e., high osmotic 
pressure fluids contain more salts, the 
action being then to dilute this concen- 
tration with more water). 

1 Generally, marine invertebrates are 
narrowly poikilosmc^ic , i.e., the salt 
concentration of the body fluids ch^ges 
with that of the external medium. This 
has special significance in estuarine 
situations where salt concentrations 

^ 'of the water often vary considerably 
in short periods of time. - ' 

2 Marine bony fish (tel^osts)^ave lower 
salt content internally than file external 
environment (hypotonic).^ In order to 
prevent dehydration, water is ingested 
surxd salts are excreted through special 
cells in the«gills. 
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FACTORS AFFECTING THE DISTRI- 
BUTION OF MARINE AND ESTUARINE 
ORGANISMS 

Salinity. Salinity is the slnglemost 
constant and controlling facto^n the ^ 
marine environment, probablyTollowed 
by temperature. It ranges around 
35, 000 mg. per liter, or "35 parts per . 
thousand'' (symbol: 35%cr) in the language 
of the oceanographer. While variations 
in the open oce&n are relatively small, 
salinity decreases rapidly as one 
approaches shore and prpceeds through 
the estuary and up into fresh water with 
a salinity of "0 % (see 'Figure 2) 



B 



Salinity and temperature as limiting 
factors in ecological distribution. 



1 Organisms differ in the salinities 
and temperatures in which they 
prefer to live, and in the variabilities 
of 'these parameters which they can 

^ t^olerate^. These preferences and 

tolerances often change with successive 
life history stages, and in turn often 
dictate where the organisms live: | 
their "distribution. " , 

2 These requirements oi^ preferences 
often lead to extensive migrations 
of various ^^peoies for breeding, 
feeding, aftd growing stages. One 
very important fesjdt of this is that 
an estuarine environment is an 
absolute necessity for over haff of 
all coastal commercial and sport 

related species^of fishes and invertebrates,' 
for either- all or certain portions of their 
life histories. (Part Vi figure 8) 

3 The Greek^word roots "eury" % 
(meaning wide) and "steno" (fneaning 
narrow) are customarily combined* 
with such WUrds as "haline" for salt, 
and "thermal" for temperature, to 

give us "euryhaline" as an adjective 
to characterize an organism able to 
* tolerate a wide range of salinity, for 
exampjle; or "stenothermal" meaning 
one which cahnot stand much change ' 
in temperature. "Meso-" is a prefix 
indicating an intermediate capacity. 
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C Marine, estuarine, and fresh water 
organisms. (See- Figure 4) 




Fresh Water 
Stenohahnc 



Marine 
3tcnohallne 



Saliniiy 



ca. 3b 



Figure 4. Salinity Tolef-ance of Organisms 

1 Offshore marine orgamisms are, in 
general, both stenohaline and ^ 

' stenothermal unless, as noted above, 
they have certain life history require- 
ments for estuarine conditions. , 

^ Fresh water organisms are also 
stenohaline, and (except for seaso|ial 
^ adaptation) meso- or stenpiliermal. 
(Figure 2) ^"""'""^^ 

3 IndigenTSus or native estuarine species 
rtat norjnally spend tkfeir entire Jives 
in the estuary *are relativ^y few in 
number. (See Figure 5). T^ey are 
generally meso- or euryhaline and 
meso- or eurythermal, 
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Figure 5. DISTRIBUTION OF 

ORGANISMS IN AN ESTUARY 

a ^Buryhaliiie, freshwater 

b Indigenous, estuarine, (mesohaline) 

c Euryh^linei maiijie- 



* 4 Some will known and interesting ' 

examples of migratory species which 
change their environmental prefer^ces 
with the- life history stage include the 
shrimp (mentioned abov^), striped bass,^ 
many herrings and relatives, the \ 
salmons, and many others. "*None are 
more dramatld than the salmon hordes 
which hatch in headwater streams*, 
migrate far out to feed and grow, 
then return to the mountain stream* 
- - where they hatched to lay their own 
eggs before dying. 

^ 5 Among euryhaline animals landlocked 
(trapped), populationss living in lowered 
■ s^linitiesj^ften have a smaller maximum 
size than individuals of the same species 
living in more saline waters. For 
example, the lamprey ( Petromyzon 
marinus) attains a length pf 30 - 3*6" 
in the sea, while in the Great Lakes 
the length is 18 -.24". 

Usually the larvae of aquatic organisms 
are- more sensitive to changes in 
salinity than are the jt/iults. This 
characteristic both limits and dictates 
the distribution and si^e of populations. 

D The effects of tides on organisms. - 

1 Tidal fluctuations probably subject 
^ the benthic or intertidal populations 

to the most extreme and rapid variations 
of environmental stress encountered 
in any aquatic habitat. Highly specialized 
comnriunities have developed in this 
zone, some adapted to the i;ocky surf 
zones of the open coasf, others to the 
muddy inlets of protected estuaries. 
Tidal reaches of fresfi water rivers,^ ^ 
sandy beaches, coral reefs and 
mangrove swamps in the tropics; all 
•have their own floras and faunas. All 
must emerge and flourish when whatever 
water there is rises and pover&or 
tears at them, all must collapse or 
retract to endure drying, blazing 
I tropical siin, or freezing arctic ice 
during the low tide interval. Such a 
community is depicted in Figure 6. 

• . .S 
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SNAILS ^ ' 

<9 Litlorina neritoides 
^ L. nidis 
0 1,. ol)tufi:ita 
L. littorea 

nAiiNAri.ES 

^ Chihamaius stellatus 
® Balanus balanoides 
© B. perforatus 





% - 




;ionalion of plants^ snails, and barnacles on a rocky shore. While 
this diagram is based on the situation on the southwest coast*of 
England, the general idea of zonation may be applied to any temper- 
ale rocky ocean shore, though the species will differ. The gray 
zone consists largely of lichens. At the left is thfe zonation of rocks 
with exposure too extreme to ^pport algae; at the right, on a less 
exposed situation, the animals are mostly obscured by the algae. 
Figures at the right hand margin refer to the percent of time that 
the zone is exposed. to the air, i. e. , the time that the tide is out. 
Three major zones can be recognized: the Ljttorina zone (above the 
gray zone); the Balaaoid zone (between the gray zone and the 
laminarias); and the Laminaria zone. a. Pelvetia cankliculata; 

^'"^"s spiralis ; c. Ascophyllum nodosum; d. Fucus serratus; 
e^. Laminaria digitata . (Based on Stephenson) 
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V FACTOKS AFFECTING THE REFERENCES 
PRODUCTIVITY OF THE MARINE ^ / 

ENVIRONMENT 1 Harvey^ H. W. The Chemistry and 

Fertility of Sea Water (2nd Ed. ). - 
A The sea is in continuous circulation. .With- Cambridge Uriiv. Press, New York, 

^out circulation, nutrients of the oceto would . 234 pp. 1957. 

eventually become a part of the bottom and * - ' 

biological production would cease. Generally, 2 Wickstead, John H. Marine Zooplankton 
in all oceans there,exists a w.arm surface Studies in Biolpgy^no. 62. The Institute 

layer which overlies the colder'water and of Biology. ^J^76. 

forms atwo-layet* systern of persistent ' ■ ^ 

_ stability. Nutrient concentration is- usually • 
J greatest in the lower zone. Wherever a - 
mixing or disturbance of these twcy layers * ^ . . , 

occurs biological production is greatest. * ■ ^ • ^^ 

B The estuaries are al€0 a mixing zone of ^ 
' enormous importance . Here the fertility 
washed off the lan^^is mingled with the 

nutrient capacity of seawater, and many ^ 
/ of the would's most productive waters a 
result. * * . • ^ 

< 

C When man adds his cultural contributions 
of sewage, fertilizer, silt or toxic waste, 
it is no wonder that .the dynamic equilibriuj^ 
of the ages is rudely upset, and the , ' 

environmentalist, cries,* "See what man * ^ ^ 

hath wrought"! 
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Part 5: Wetlands 



I INTRiODUCTION 

^ A Broadly defined, wetlands are areas 
which are '^to wet -to plough but too 
thickl to flow. " The soil tends to be 
' sattirat6d with water, salt oi^ fresh, 
and numerous channels or ponds of 
shallow or open water are common. ^ 
--p^Due to ecological features too numerous 
^^Ad variable to list here, they comprise 

in general IP rigorous (highly stressed) 
/habitat, occupied by a small relatively 
specialized indigenous (native) flora 
and fauna. 

B They are prodigiously productive 
however, and many constitute an 
absolutely essential habitat for some 
portion of the life history of animal 
forms generally recognized as residents 
of otiifer habitats (Figure Q). This is 
particularly true of tidal marshes as 
mentioned below. 

C Wetlands in toto comprise a remarkably 
large proportion of the earth* s surface, 
and t^e total organic carbon bound in 
their I mass constitutes an enormous 
sink of energy. 

D Since! our main concern here is with 
th^ "^quatic " emjironment, primary 
emphksis will be directed toward a 
description of ^vretlands as the transitional 
zone Detween the waters and the land, and 
how their desecration by human culture 
sprealds degradation in both directions. 



n TIDAL MARSHES AN0 THE ESTUARY. 



A ^^Therle is no other case in nature, save 
in the coral reefs, ^here the adjustment 
of brganic relations to physicalcohdition 
i& seen in such a. beautiful- way as the 
balance "between the growing mai\Qh^^? 
. anid the tidal streams by wh^ch theif'ure ' 
at once nourished and worn away; " 
(Shalet, >886). , 



B Estuarine pollution studies are usually 
devoted to the dynamics-of >the circulating . 
water, its chemical, phy^sical, and ^ 
biological parameters, bottom deposits, etc. 

C It is easy to overlook the intimate relations- 
ships which exist between the bordering 
marshland, the moving waters, th^ tidal 
flats, subtidal deposition, and seston 
whether of local, oceanic, or riverine 
origin. 

D The tidal marsh (some inland areas also, 
have salt marshes) is generally considered 
to be the marginal areas of estuaries and 
coasts in the intertidal zone, -which are 
dominated by emergent vegetation. They 
generally extend inland to the farthest 
p6int reached by the* spring tides, where 
they merge into freshwater swamps and 
marshes -f Figure 1), They may range in 
width from nonexistent on rocky coasts to 
many kilometers. 




a, MeMkmtld*, 
T. OrgtnlcooM 



i. Sprlnc Ud« Uvtl. 8. McM hUh^t, 
Chunk of 8f»r11n> turf dtpMtUd ^ let. 



.4. DoghoU. 4. Ico cle4ytf« pool. «. Chtmk of 8f»r11n> turt dtpotlUd let, 
with •••ocUttd community. 1. MlfrtM ( 2ott>f*) . >. Ribbed mu«Ml« <modtolui»« 
i mfcU ( Wmi> I community. Ift. 8«« Uttuotlul^ 
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III MAflSH ORIGINS AND STRUCTURES 

. A In general, marsh substrates^are high in 
organic content, relatively low in minerals 
and trace elements. The upper layers 
bound together with living roots called 
tiirf, underlaid by' mpre compacted peat 
type material. 

A ' 

1 Rising or eroding coastlines may 
expose peat from ancient marsh 
growth to wave action which cuts 
into the soft peat rapidly (Figure 2). 



Terrc«trlal turf 

Salt m«rthq|««t 
StibBtrafc 



Figure 2. Olagrammatic sc^lon of , eroding pfat cliff 



Such banks are likely to be cliff- like, 
and are often undercut. Chunks of 
,peat are often found lying about on 
harder subfetrate below high tide line. 
If face of cliff is well above high water^ 
overlying vegetation is likely to be 
typically terrestriiil of the area. 
Marsh type vegetation is probably '^ 
absent/ * ^ 

Low lying deltaic, or sinking coast- 
lines, or those "with low energy wave 
action are likely to have active marsh 
formation in progress. Sand dunes 
are also common ir^ such areas 
(Figure 3^. General coastal 
configuration is a factor. 




Figure 3 

Development pf a Massachusetts Marsh since 1300 BC, involving an 
18 foot rise In water lev^l. Shaded area Indicates sand dunes. Note 
I meandering marsh ti^l drainage. A: 1300 BC, B:- 1950 AD. 
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Rugged or precipitous coasts or 
slowly rising coasts, typically • — 
eoihibit narrow shelves; sea^liffs, * 
fjords, massive be arches, and / 
i:elatiyely less marsh area? (Figure 4). 
An Alaskan fjord subject to recent 
catastrophic subsidence and rapid - 
deposition of glaciaJl^lour shpws • 
evidence^of the recent encroachment 
of saline waters in the presence of 
I'ecently buried trees and otber ^ 
terrestrial vegetation, exposure . / 
of layers of salt marsh pe^t ajong 
the edges of channel^, jandta poorly 
compacted young< marsh turf developing 
at the- new high water level (Figure 5). 




Figure 4. A River Mouth on a Slowfy Rising Coast. Note ab settee 

of deltaic development' and rels^tively Uttle marshland, 
o although mud flatv stipfUed are extensive, ' 



Sfiifting flats 



Tidal marsh 



o I Terrestrial 




Figure 5 Some gen^l relationships in ( northern fjord with*a rising water level. 1. ^mean low 
'water, 2. maximum high tide, 3. Bedrock, 4. Glacial flour to depths in excess of - 
JOD meters, 5. Shifting flats and c;Jhannels, 6. Channel afeainiat bedrock, 7. Burled 
terrestrial vegetation, 8« Outcroppings of salt marsh peat - • 



b L/jw' lying coastal plains tend to be 
- fringed by barrier islands, broad 
estuaries and deltas, and broad 
assqciated marshlands (Figure 3)^ 



Deep tidal* channels fan "out through 
, innumerailDle^ branching and often 
interconrl^cting riVuIets^ The - 
il^tervening- grassy plains are / ' 
^ essentially, at mean Wgh tide level. 
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Tropical and subtropical regions 
such as Florida, the Gulf Coast, 
and Central America, are frequented 
by mangrove swamps. This unique 
type of growth is able to establish 
itself in shallow water and move out 
intp progipessively deeper areas 
(Figure 6). The strong deeply 
embedded roots enable the'mangrove 
to resist congi'derable wave action 
at times, and the tangle of roots 
quickl^y accumulates a deep layer of - 
organic sediment..* Mangroves 
in the south lyiay be considered' to . 
be roughly the equivalent of the 
Spartina marsh grass in the nprth 
as a land builder. When-fuUy 
developed, a mangrove swamp is an 
. impenetrable thicket of roots over 
the tidal flat affording shelter to an 
assortment of semi-aquatic organisms 
such as various molluscs arid 
crustaceans,** and providing access 
frpm the* nearby land to predacjeous*' 
birds, oreptiles, arfd mammals. . 
M^gro\res are not restricted to 
estuaries, but \nay 'develop out into 
shallow oceanic lagoons, prtipstream 
into relatively fresh waters/ 



rOAtST TlUljyTOl ASSOOU SAlt-MMSH 




* I/O 

tidal marsh is the m£u:»Bh grass, but very^ 
little of it is usecHJy^an as grass. * 
(Table 1) ' ' • ^ 

The nutritional .analysis of several 
marsh grasses as compared to jfiry JLand* 
hay is shown in Table 2. 



'table I. Oeniral cideri of M*|ntttt<l« ^Aj^09» Primary Productivity In Tarm* 
" ' otpry Wtl|ht of Orgwac Matter Flxtd Annually 

\ . ' gma/M^/year 
. EcQtyittm ' • (grami/a^tAre m<Ur «/var) lb ■/acre /year _ 

Land deeeHa, deep ^ceane* . Hundrede 

Oraaelj^da, foreete, cutrot)hic Huadreda T^pua^nda 

Ukee, ordimsy agriculture ^ ^ * 

Eatuarlei, deltae, coral reefe. ' Thouaanda v Ten-thouaanda 

Intenalve agriculture (augar ^ 

jCMJXi, rice) 



TABLE 2. Analyses of Some Tidal Marsh Grasses 



T/A ^ ^efccntapc Comp«ltlon 

Dry VVt? 9tQ\e\n " Fat . f tber ' Water ^ 



Afh» 



N-free Extract 



DiMichtt\ sp/cara (pOrc staruJ, dry) 

2,8 5.3 1.7 V 32.4 W 6l7 

Short Sptrtim thcrnUlort and Sa/icorn/a curopaea {in itandinR water) 



1.2 ^ 7.7 2.5 ' 31,1 * 8.8 

Spirtint tHemUlort ttzW, pure stand \n stand (hk water) 
3.5 7.6 * 10 « 29.0 ft.3 

^ *'30.0 ^ 8.1 

Spjrtim ihcrnithjfi and Sfurthut furcns (mixed itand, wet) 



Figure 6 Oiagraminatic transect of a mattgrove swamp'^ 
showing transition trom marine to terrestrial 
habitat. ' . 



3.4 . 6l8 I.Vj 

SfMftiM ahcfnittwa (^hort, wt*t) 

Comparable Anaty«et lor Hay 
1\t riji 6.0 . 2.6 

2iYUn\ ^ - no 3.7 ^ 



.29.8 



30.4 



3G.2 
2U.S 



8.1 



8.7 



^7 
10.4 



12.0 



15.5 



9L0 



ia4 



13.3 



4.2 

5,9 



45.5 



• 37.7 



37.3 



44,5 



42.8 



36.3 



6« 
44.9 
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AnalysefiTperformed by Roland Vr. Gilbert, Dei^rtment 
. of Agricttltural Chemistry, U.R.l. 



ly PRObUCTIVITY OF WETLANfDS 



A Measuring the productivity of grasslands 
■* «is not .easy/* be cause, today grass is seldpm 
.used directly -as such by man. I^is "gius 
' usually expressed as production of meat, 
milk, or in^the case of salt marshes, the 
total* crop* of animals that^ obtain food per 
, unit of area* The^pr^mary producer i^ a* \ 
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B The actual utilization *of marsh grass is 
.accomplished primarily by its decom- 
poslti<Mi and ingestion by micro organisms. 
* (Figdre 7) "A small quantity of seede and 
solids is consumed directly by birds . 



2» 






Figure 7 The nutritive composition of 
successive stages of decomposition of ' , ^ 
Spartina marsh grass, showing increase • ' ^ 2 
in protein and decrease jn carbohydrate ^ * 

with' increasing age and decreasing size, 
of detritus particles. 

The quantity of micro invertebrates 
which thrive on this wealth of decaying " 
marsh has not been ^estimated, nor has 
the actual production' of spmal} indigenous 
fishes and invertebrates such as the 
top mini\ows (Fundulus), or the mud 
snails' (Nassa), and otriers. 

Many forms of oceanic life migrate 
into the estuaries, especially the ' 
marsh areas, for important portions • 
Ov their life histories as is mentioned ' 
elsewhere (Figurf 8). ' It has beeil • 0 
estimated that in exqess ot 60% of the 
marine commercial^^d sport fisheries 
are estuarine or marsh- dependent in 
some way* ^--v. " 



J'iguise 8 Diagram of the life cycle" % 
of white shrimp (after Anderson and 
.Lun2.l965). 



3, An effort to make aji indirect ^ 
estimate^f productivity in a Rhodef 
* Islan^ marsh wa^ made on a single 
' \i-.August da^^^lDy recording the num^^ers* 
and kinds of ^l^ird^^that fed on ^ . 
^ relativeljl^srnall^area (Figure 9T, . • 
Between 700 and J.000 wild .oirds*of 
12 species, ranging from 100 least 
sandpipers to uncountable numbers * * 
^ of seagulls were counted. One food 
requirement estimate for three- 
pound poultry in the confined inactivity 
^ of a poultry yard is approxirjiaitely one 
ounce per pound of bird per day. 




preater yellow legs 
and black duck . 



Great blue 1 



Figure 9 Some- Common Marsh Birds 
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One-hundred black beUied plovers 
at approximately ten ounces each 
would weigh on the order of sixty 
pounds^ At^the same rate of food 
consumpticfti, this Vould indicate 
nearly foifr pbun'ds of food required 
for this species* 4lone. *The much 
greater activity of the wild birds 
would obviously greatly increase their 
food ^equirements, as would their 

t relatively smaller size. 
• ' /\ 

"Considering the range of foods con- 
sumed, the sizes of the birds, and the 
fac\ that at certain seasons, thousands 
of migrating ducks and others pause 
to feed here, the enormous productivity, 
of such a rbarsh can be better under- 
stood. 



V INLAND BQ«S AND MARCHES 

A Much of what has been said of tidal 

marshes also applies to inland wetlands. 

' As was mentioned earlier, not all inland 
swamps ire salt- free, any more than all 

. marshes affected by tidal rythms are 
, saline • ^■ 

• - - ^ r «~ 

.B The specificity ot speciatt^d floras to 
• p'articulai: types 'of wetlands .is perhaps 
more spectacular, in freshwater wetlands 
than in the marine, where Juncus, 
Spartina , and Mangraves tend to dominate. 
• •*«, ♦ 

1 Sphagnum, or peat moss,-^'is' 
probably one of the most widesp^d 
and abundant wetland plants on eax 
Deevey (1958) quotes an estimate 

. • there i^ probably upwards of 223 

billions .(dry weight) of tons of peat 
in tl|e world today, derived during 
recent geologic time, from Sphagnum 
bogs. Particularly in the northern 
regions, r^eat moss tends to overgrow 
ponds jang shaUQw^dem^^ssions, eventually 
forming the vast tundflsuplains-and 
moores of the nortln \ 

f 

2 Long lists of other bog and mai'sh plants 
^ might be cited^ each with its own 

special requirements, topographical. 



and geographic distribution, etc. 
Injpluded would be the familiar cattails, 
spike rushes, cotton grasses/ sedges, 
trefoils, alders, ^nd many, rpany'. 
Others. 

C Types of inland wetlands. 

1 As noted above (Cf: Figure 1) 
tidal marshes often merge into 
freshwater marshes and bayous. 
De^ltaic tidal slvamps and marshes ^ - 
• are often saline in the seaward ^ 
portion, and fresh iri the landward , 
areas. 



2 River bottom wetlands differ from 
-those formed from lakes, since wide 
flood plains subject to periodic 
jnundation are the final stages of * 
the erosion of river valleys,' whereas 
lakes in general tend to be eliminatexi 
by the geologic processes of natural 
eutrophication often involving 

'\ Sphagnum and peat formation. 

Riverbottom marshes in the southern 
United States, with favorable climates, 
have luxurient growths such as the 
canebrake of the lower Mississippi, 
or a characteristic timber growth 

" such as cypress. 

3 Although^bird lift* is the -mo^t 
conspicuous animal elenieiit in the 
fauna (Cfr figure 9), many mammals, 
such as muskrats,\ beavers, otters, 
and others are.al&a marsh-oriented. 
(.Figure 12) ^ ^ * * 
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VI POLLUTION 



1 



A No single statement can sun^marize thi 
effects of pollution on itiarshlands as 
distinct from effects jioted elsewhere on 
other habitats. ^ " • 

B Reduction of Primary Productivity 

The primary producers in most wetlands ^ 
are the grasses and peat mosses. 
Production may be reduced or eliminated 
• by: ^ ' ^ • 

I Changes in the- water level brought 
a"bout by flooding or drainage. 

a Marshland areas are sometimes 
diked and flooded produce fresn- 
water ponds. This may b« fory 
aesthetic reasons, to suppress the 
growth of noxious marsh inhabita^ing 
, msepts-such as mo§qiiitaes or biting 
midges, to caistruct'an industrial 
waste Holding pond,: a thermal or a 
sejvag^ stEibiU^ation pond, a 
"convenient" result of highway 
caueeway construction, or other 
, . reason.. The re'sti^t is the elim- 
« ination of an area of marsh. A i 
sfhall ^mpensating border of 
marsh may or may nof develop. 

b ^ Highticial marshes were often 

ditcheid and drained in former day^ 
to stabilize the sod for salt hay or 
"thatch'Xtiarveatiiig which was highly 
sought after in' colonial days. This 
^e^tably changed the* character 
^ of the marsh, but it remained as 
essentially marshland. Conversion 
to outright agricultural land "has 
b^en less widespread because of the 
' necessity ot diking to exclude the 
periodic flopda or tidal incursions,^, 
and carefully timed drainage' to 
eliminate excess preclijitation. 
' Mechanical pumping of tidal, marshes 
hasjiot been economical in this 
comitry, although the succies^ of - , 
the Dutch and others in this regard 
ii well known. 



2 Marsh grasfes may also be eliminated 
by smothering as, for example, by 
deposition of dredge spoils, or the 
spill or discharge of sewage sludge. 

3 Considerable marsh. area has been* < . 
' eliminated by industrial construction 

acti^^ity^ such as wharf and dock cqn- 
structin, oil well construction and 
operation, and the discharge of toxic 
brines and other chemicals. 

C Consumer production (animal life) has 
. been drastically VecittQfsd by th^ dgjihpratft^ ^ • 
distribution of pesticides. -Irf^ome cases, 
this has been ainied at nearby agricultural' . 
lands for economic crop pest control, in 
other cases the marshes have been sprayed ^ 
or dusted directly to control noxious 
insects. 

s \ The results have been universally 
' disastrous for the marshes, and the ' 
beneli^tB to the human community often 
questionable. ■ ' • • 
^ . ** ' 

.2 Pesticides designed to kill nuisance"^ 

- insects, are aiso toxic to other 
c ^ arthropods QX> that in addition to the* 

target species, such forage staples as • 
the various scuds (amphipods), fiddler _ 
y crabs, and other macroinvertebrateb 
have either been drastically reducedX 
or entirely eliminated in many placesV 
For- example, one f aniiliar with fiddler • . 
crabs can traverse miles of marsh \ 
margins, still riddled with their burro\ys,'' 
without seeing a single live crab. 

3. DDT and related compounds have been \ 
"eaten up the food chain^ (biological 
haagnification effect) until fi^ eating ' j 
and other predatory ibirds suph as herons 
' and egrets (Figure 9), have been virtuauy 
eliminated from vas.t areas, and the I 
' , '^accumulation of DD't in.nian himself 
is only too well known. ' ^ 

4 . " - * 
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Most serious of tRe marsh enamies is 
man himself.^ In his quefet for "lebensraum" 
nsar the water, he has all but killed the • 
water he strives to approach. Thus up to 
twenty percent of the marsh-- estuarine 
area in various parts of the country has 
already beenmtterly destroyed by cut and 
.fill real estate development'^ (Figures 
'10, 11). ... 



E Swimming birds «uch as ducks, loons, 
cormorants, pelicans, ^nd many others 
are severely jeopardized by floating 
^pollutants 'such as oiL , ^ • 



i 
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F^igure 10. Diagrammatic representation of cut-and-iill for 
real estate^^^evelopment. mlw = mean 'low, wat-er 




Figure 11. Tracing, of portion of map of a southern 
cit}^ showing extent of cut*-and-fill real 
y * - estate development, • . . ' 



VII SUMMARY 

\, ' ' 

A 'Wetldnds comprise the marshes, swamps, 
bogs^ and tundra areas of the world. 
,They are. essential to the well-being of 
%ur surface waters and ground waters. 
' ITiey are essential to aquatic life of 
all tyges living in the open waters . They 
^ are essentiaj^as habitat for all forms of r 
jwildlife. » ' 

B The tidal marsh is the area of emergent o 
vegetation bor^rihgjhe^r^^arv er §3i ^ 
esfuary. " ' * . 

C Marshes are highly productive areas, 
essential to the maintena|ice of a well 
rounded community of aquatic life. 

D Wetlands may be destroyed by: 

/ 

1 Degradation of the life forms of 
which it is cpmposed in the name of 
nuisance control. ^ ^ 

2 Physical destruction by cut-an5-fill 
to create more land area. 
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CLASSIFICATION-OF COMMUNITIES, ECOSYSTEMS, *ND TROPHIC LEVELS 



I A COMMUNITY is an asftmbiage of ^ " - 
populations j)f plants, animals, bacteria, 
and iiingi that live in an environmental and 
interact with one another, fornaing together 
a destinctive living system -with its own 
composition, structure, environmental 
relations, developnjent, and function. 

II An ECOSYSTEM is a conmiunity and its 
environment treated together as a functional 
system of "complementary relationships, 
and transfer and circulation of energy and 
matter. (A delightful litte essay* on tiie 
Odyssey of atoms X ^d Y through an 
.ecosystem is in Leopold's, A Sand County 
Almanac. ) 

III TROPHIC levftls are a convenient means 
of classify ing organisms according to 

"nutrition, or food and feeding. (See 
Figure 1. ^ ^ 

A PRODUCER, the pho^tosynthetic plant or 
first organism on the food chain sequence. 
Fossil fuels were produced photosyttthe- 
.tic^Uyl - * • 

B Herbivorepr primary CONSUMER, the 
first animal which feeds on plant food.. 



C 

( 



First carnivore or secondary CONSUMER, 
an animal feeding on a plant-eating anijgcial. 

Second camivdre or tertiary CONSUMER 
feeding on the preceding. 



E Tertiary c arniv ore. 

r 

F Quaternary carnivore. 

•G DECOMPOSERS OR REDUCERS, bacterial 
which break down the( above organisms. 
Often called the middlemen or stokers of / 
the jfumace of photosyi^thesis. . 

H Saprovores^oi' DETRITIVORES which feed 
qn bacteria and/or fungi. ^ . 

I Ma croin vertebrates have .been subdivided 
into trophic levels according to feeding 
habits (See Figure 1 from Cunmiin's). 



( 
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1 Collectors strain, filter, or otherwise 
collect fine particulate organic matter 
from the passing curreilt. 

2 Shredders feed on leaves, detritus^ 
and coarse particulate organic matter, 

3 Grazers feed on attached growths. 

4 Predators feed 6n other organisms.* 

IV Taxonomic Groupings 

A TAXOCENES, a specific group of organisms. 
Ex. midges. For obvious reasons most 
systematrsts (^oconomists) can specialize" 
in only one group of organisms. This, fact 
is difficult for the non-biologist to graspl 

B Size, which is often dictated by the inves- 
tigator's sampling equipment and specific 
interests. ' 

V Arbitrary due to organism habitat prefer- 
ences, available -sampling devices, . 
personal preference of the investigator, 
and mesh sizes of nets and sieves. 

A PCANKTON, organisms suspended in a 

body of water and at the mercy of currents. ' 
This group ha^ been subject to nunaerous 
divisional schemes. Plants are PHYTO- 
PLANKTON, and animals, ZOOPLANKTON. 
Those retained by nets are obviously, MET 
^ PLANKTON. Those {Dassing thru even tha 
finest meshed nets are NANNOPLANKTON; 

B PERIPHYTON, the community of micro- 
organisms which grow on submerged 
objects (substrates). Literal meaning 
'*to grow around plants*^ however 
standard glass microslides are sub- 
mersed in the aquatic habitat to * 
standardize results. 

C BENTHOS . is often used to mean 
• MACROINVERTEBRATESj althpugh there 
' are -benthic organisms in other plant, ^ 

aiii^ial, and prdtist groups. Benthic 
' refers strictly to the bottom substrates of 
lake's, .streams, and other water bodies. 
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? \ ^, Classification of CommunitieB, Ecosystems 'and Trophic Levels 
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Classification of fcommuntties^ Ecosystems and Jrophic Lisvels 



D ^MACROINVERTEBRATES^ are animals 
retained on a No. 30 mesh screen (approx- 
imately 0. 5 mm) and thus visible to the^ 
naked eye. 

E MACROPHYTES,. the larger acjuatic planjs 
vfhich are divided into emersed, floating, 
and submersed communities. Usually ^ 
' vasculaiTplants but may include the larger 
algae and 'primitive" plants. These have 
posed tremendous economic problems in 
the large man-made lakes, especially " 
in tropical areas. 

r 

F NEK-TON, in freshwater, essentially fish, 
salamanders', and the larger Crustacea. 
In contrast to PLANKTON, t^ese organisms 
are not at the mercy of the current. 

G NEUSTON, or PLEUSTON, -are inhabitants 
of -the surface film (meniscus organisms), - 
either supported by it* hanging from, or 
breaking through.it. Other organisms 
are trapped by this neat little' barrier of 
nature. Tl^e micro members of this are 
easily sampled by plaJcing a clean cover, 
slip on top of the surface film then either 
leaving it a specified time or examining: 
it immediately under, the microscope. * 

H DRIFT, macrpinvertebrates which drift 
with the streams current either periodically 
(diel or 24 hour), behaviorally, catastro- 
phic ally or incidentally. 

. • ' * 

I ' BIOLOCIAL FLOCS, are suspended 

'microorganisms that are formed by . - * 
various means. In wastewater treatment 
plants they are encouraged in concrete aer 
aeration basins using diffused air or ^ 
oxygen (the^heart of the activTated sludge 
process). 



J MANIPULATED SUBSTRATE COMMUNI- 
TIES. Like the preceding community, 
theses are manipulated by man. Placing 
artificial or naturaV substrates in a body 
. of water will cause these communities 
to app'ear thereon. 

K We will ^gain emphasize ARBITRARY, 
because organisms confound our neat 
little schemes to classify them. Many 
move from one conimunity to another 
for various-treasons. However, all ^ 
these basic scheme do have intrinsic 
value, provided they are used with 
- reason! 
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LIMNOLOGY AND ECOLOGY OP PLANKTON 



^ I INTRODUCTIOfT 



br outside of a lake. 



A Most Interference .Organisms are 
''^ SmaU, 

B Small Organisms generally have , 
Short Life Histories, 

.C Populations of Organisms with 
- Short Life Histories may Fluctuate 
Hapidly in Response to Key Environ- 
mental Changes,' 

D Small Organisms are Relatively 
at the Mercy of the Elements 

E The Following Discussion will 
•Analyze the Natui*e of These'Ele- 
ments with Reference to the Res- 
, ponse of Important Organisms; 



U PHYSICAL FACTORS OF THE ENVIRON.- 
MENT 

* A Light is a Fundam^ental Source- of ^ 
Energy for Life and Heat^ 

1 Insolation'ls affected by geo- 
graphical location and mete- 
orological f actor k, 

2 Light penetration in water is 
affected by'angle of incidence 

* (geographical)", turbidity, and ^ 
^ color, T?he proportion of light 

reflected" depends on the angle J 
of incidence, the temperature, 
color, and other qualities of 
the water. In general,- as the 
depth increases arithmetfcally, 
N the light tends to decrease geo- 

metrically> Blues, greens, and 
yellows tend to penetrate most 
deeply while ultra. violet, vio- 
^ lets, and orange -reds are most 

quickly absorbed. On the order 
of 90% of the total illumination 
• ' which penetrates the surface 
, film i^ absorbed in the first 

10 meters of even the clearest 
wat^r, 

r • . . ■ I 

3 TuAidity may originate within 



B 



a That which comes in from 
outside (allochthonous) is 
< predominately inert solids 

9 (tripton); 

b That of internal origin (auto- 
^ chthonous) tends to^Jae bio- 
logical in nature. 

Heat and Temperature Phenomena 

are Important in Aquatic Ecology, 
r 

1 The total Quantity. of heat avail- 
able to a body of water per year 
can be calculatec| and is known 

I as the heat budget. « 

2^ ^ Heat is derive^ directly from in- 
solation; also by transfer from 
air, internal friction, and otto«r 
sources. 



C Hensity Phenomena # 

* 1 . Density jand viscosity affect, the 
floatation and locomotion of 
microorganisms . ^ 

/ 

a Pure fresh water achieves 
^ its maximum density at 4 C 
and its maximum viscosity 
_ at 0°C. 

b The^rate of change of density 
increases with the temperature, 

2 Density stratification affectS 
aquatic life and water uses, 

a In summe;*, a mass of warm 
surface water,, the epilimnion, 
is usually present and separated 
^ from a cool deeper mass, the 
hypolimnion, by a relatively 
tiiin layer known as the 
thermocline. \ ... ... ' 



b 
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Ice cover and annual, spfing 
and fall overturns are due to 
successive seasonal changes 
in the relative densities of 
the epilimnion and the hypo- 

' ■ - .-^ 
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Limnology and Ecology^of' Plankton 



limnion, profoundly influ- 
enced by prevailing meteoro- 
Ipglcal conditions » 

The sudden exchange of 
water masses having differ- 
ent chemical characteris- 
tics may have catastrophic 
• effects on bertain ^iota, may 
cause others to bloom » 

Silt laden waters may seek 
certain levels, depending 
on their own specific gravity 
in relation to existing layers 
already present. 

Saline waters will also 
stratify according to the 
- relative densities of the 
various layers. 



3 The^ viscosity of water is greater 
at lower temperatures. 

* ' 7^ — ' 

a This is important not only 
in situations involving the 
control of flowing water as in 
a satjd filter, but also sinc0 
overcoming resistance to 
flow generates *heat, it is 
significant in the heating 
of water by internal friction* 
. ' from wByVe and current ac- 
tion and many delay the 
^ 1- establishment of anchor 

; f^j' ice under critical conditions, , 

^ b It is easier for plankton 

to remain suspended in cold 
H viscous (and also dense) 
water than in less viscous 
warm water* This is re- 
flected in differences in the 
appearance of winter vs 
summer forms of life (also 
arctic vs tropical). 



Shore development, depth, inflow - 
outflow pattern, and topographic 
features affect the behavior of the water. 

Water moVements that may affect organ- 
isms include such phenomena as waves, 
currents, tides, seiche^, floods, and 
others. 



1 - Waves or rhythmic movement 



f 



The best kno\^^n are traveling 
waves. These are effective 
only against objects, near 
the surface^ They have little 
effect on the movement of 
large masses of water. 

Standing waves or seiches 
\ ocdur^ in all lakes but are . 
~~5eldDm"iarge fenough to be 
observed. An "internal seicli" 
is an oscillation in a density 
mass within a lake* with no 
surface manifestation may 
cause considerable water 
movement. 
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Linmology and- Ecology of Plaiikton 



' Currents 



Currents are arhythmic 
water movements which have 
had major stu^ only in ocean- 
ography. They primarily 
are concerned with the trans- 
location of water masses. 
Thqy may be generated Inter- 
nal^ by virtue of density . 
changes, or externally by 
wind or rimoff.. J 

T urbulence phenomena or 
eddy currents are largely re- 
sponsible for lateral mixing 
In a current. These are of 
far more importance in the 
economy of a body of water 
than mere laminar flow. * 

Tides^ or'rather*tidal 
currehlEs, are reversible 
(or qsciUatory) on a relative- 
ly long and predictable period, 
Tliey are closely allied to 
seiches. For sdl practical 
purposes, they are restricted 
to oceanic (especially- coastal) 
waters. 



There are typically two tidal 
cycles per lunar day (approx- 
imately 25 hours), but there is 
continuous gradation from this 
to only one cycle per (Itmar) day 
in some placeSv 

Estuarine plankton populations 
are extremely influenced by local 
' tidal patterns. 

Flood waters range^x from torren- 
tial velopities which tear away 
and transport vast masses of 
substrate to quiet backwaters 
which may invindate normally dry 
land areas for extended periods 
oltime. In the former case, _ 
•pl^ktonic life is flushed away 
coApletety; in the latter, a local 
plaiJirton bloom may develop which 
may\^ of immediate significance, 
or which may serve as an Inoculum 
for receding waters, 

F Surface Tension and the Surface Film 

1 The surface film is pie habitat o^ 
the "neuston'*, a group of special 
■significance. 



If there is no freshwater 
inflow involved, ti^al currents 
are basically **ln and but;" 
if a significant amount of 
freshwater is added to the m 
system at a constant rate, the 
outflowing current will in general ^ 
exceed the inflow by the amo;ant 
of freshwater inp\tt. 
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2' Surface tension lowered by surfactants"*^ 
may eliminate the neuston. This can 
be a significant biological observation. 

DISSOLVED SUBSTANCES 

Carbon dioxide is released by plants and 
animals in respir^ffon', but taken in by 
plants in photosynthesis. 

Oxygen is the biblogical complement of 
carbon dioxide, and" necessary for aU 
animal life. 

.Nitrogen and phosphorus are fundamental 
nutrients for plant life. 

1 Occur in great dilution, concentrated 
by plants. t 
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The distribution of nitrogen 
compotinds is generally correllat- 
ed with the oxygen cilrve, eSFji- ; 
cially in oceans. ' <J 

Iron, manganese, sulphur, and silicon 
are other minerals important to aquatic 
life which exhibit biological stratification. 

Many other minerals are present but their 
biological distribution in waters is less 
well known,** fluorine,. tin, smd vanadium 
^ave recently been added to the "essential" 
list, and more may well follow. • , 

Dissolved organic matter is present in 
even the purest of lakes. 

BIOLOGICAL FACTORS 

I^tritional Classification of Organisms 

1 ' Holophyt ic or independent or- 

ganisms, like green plants, pro- 
duce their own basic food elements 
from the physical environment. 

2 Holozoic or dependent organisms, 
like animals, ingest and digest 
solid food particles of organic 

- ' *^igin. ^ 

3* Saprophytic or carrion eating 

organisms, like many fungi and 
bacteria, digest and assimilate 
the dead bodies of other organ-^ 
isms or their products. 
»^ 

The Prey-Predator Relationship is 
Simply one Organism JEating Another. 

Toxic and HormoHlc Relationships 
* 

1 a Some orgEOiisms such as certain 

blue green algae and some ar-^ 
• mored flagellag^s produce sub- 
stances poisonous to others. 

2 * ' Ahtibiotic action in nature is 

• not well imdef stood but has been 
showns^o play a very influential 
role in the economy of nature. 
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V BIOTIC COMMUNITIES (OR ECOSYSTEMS) 

A A biotic community will be defined here 
f as an assemblage of organisms living in 
a given ecological niche (aS defined 
below). Producer (plant- like),' consumer 
(animal- like) smd reducer (bacteria and 
fungi) organisms are usually ^included. 
A so'tirce of energy (nutrient, food) must 
also be present. The essential concept 
in that each so-called cOmmunitv^is a 
relatively independent entity. Actually 
this position is onljr tenable at any given 
instant, as individuals are constantly 
shifting from one community to another in 
response to stages in their life cycles, 
physical conditions, etc. Tl>e only one 
to' be considered in detail here is the 
plankton. 

Plankton are the macroscopic and 
microscopic animals^ <^lants, bacteria, 
etc. floatin'g free in the open water. ^ 
Many' clog filters,, cause tastes, odors, 
and other troubles in water supplies. 

1 Those tbat pass (through a plankton 
net (No. 25 silk bolting cloth or 
eqiiivalent) or sand filter are often 
known as nannoplankton (they 
usually greatly exceed the "net" 
plankton in actual quantity). 

2 Those less than four microns in 
length are sometimes called 
ultraplankton . 

3' There are mainy ways in which 
^ plankton may be classified: taxo* 
nomic, ecological, industrial: 

4 The^oncentration of plankton varies 
markedly in space and time. 

i 

a Depth, light,.^ currents, .and 
water quality profoundly affect 
plankton distribution. 

b The relative abundance of 
plankton in the; various sea- 
sons is generally: 



1 spring, 2 faU, 
4 winter 



3 summer. 
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5 Marine plankton include , many . 

• .larger animal forms than are 
found in fresh'waters. 

C ^The behthic comniimity is generally 
*cj)nsidered to be the macroscopic life 
liying in or on the bottom. 

D The periphyton community might be 
defined jlB the microscopic benthos, 
except Siat they are by no nieians confined 
to the bottom. Any surface, floating, or ^ 
not, is usually covered by film of living 
orgai4sms. ^here is frequent exchange 
between the periphytdn and plankton 
communities, 

E The nek ton is the community of larger, 
free-swimtming animals (fishes, shrimps, 
etc, ), and so is dependent on the other 
^ communities for basic plant foods. 

F 'Neuston or Pleuston 

— tC 

This community inhabits the air/water " 
interface, and may be suspended above 
or below it or break it. 'Naturally this 
interface is a very critical one, it being 
micro molecular and allowing interchange 
between atmospheric contaminants and 
. the Abater medium.' Rich in bacteria, 
metals, protozoa, pesticides etc. 

VI TI& EVOLUTION OF WATERS 

A, The history of a body of w^er determines 
its present condition. N^tural^waters haye 
evolved in the course of geologic time 
to what Ave^ know today. 

* 

B In th^ course of their evolution, streams 
in general pass through four general 
stages of development which may be called: 
birth, .yoyth, riiaturity, and old age. 

^1 Establishment of birth. In an " r 

' . .extant' stream, .this might be 

a "dry run" or headwater 
• ' • streambed, before it had eroded 

down to the level of ground water. 



Youthful streams; when the 
stream^bed is eroded below the 
grouhd water level, spring water 
• eijters.and the stream becomes 
v>perman«nt. * . * 

i Mature streams; have wide 
valleys, a develpped flood plain, ^ ^ 




deeper, more turbid, and usually 
"warmer water, sand, mud, silt, 
or clay bottom materials which 
shift wJLth incre9.se in flow. 

^ In old age, stream's have app/toa- 
ched base level. During flood 
stage they scour their bed and de- ' 
posit materials on the flood plain 
which may be very broad and flat. 
During normal flow the d^tmneTis^ 
refilled and many shifting bars are 
developed. ^ 

(Under the influence of man this 
pattern maj^e broken up, or tem- 
porarily interrupted. Thus as essen- 
tially "youthful" stream might take 
on some of the characteristics of a 
."mature" stream following soil 
erosion, organic enrichment, and 
increased siirface runoff. Correction 
of these conditions might likewise be > 
followed by at least a partial rever- 
sion to the "original" condition. ) 



C Lakes have a developmental history » 
, which somewhat parallels that of streams. 



1 The method of formation greatly 
influences the character and sub- 
sequent history of lakes-. 

2 Maturing or natural eutrophication 
of lake^ . ^ 

- - . ' *^ 

a If not already present, shoal 
* areas are developed through 

erpsiorj olthe shore by wave 
, ^ "action and unde^rtow. v 

b Currents produce bars across ' 
bays and thus cut off irregulars 
areas. 

c Silt brought in by tribu^ry , * 
J, — streani^ settles out in the quipt 
lake water. ^ 

d Rooted aquatics grow on shoals 
and bars, sind in doing so cut 
off bays and contribute to the 
filling of the lake. 



Dissolved carbonates and other 
« 

materials 'are precipitated in the 
deeper portions of the lake in ^ 
part through the action of plants. 
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Wfien filling is well' ad^janced 
sphagnum mats extend ollt- 
ward from the shore\ Tffese* 
ma^s are followed by sedges 
and grasses w|^ch*finkl]y 
' convert th%'*^lakiy^ a 
marsh, ^ 

Ebctiriction of lakes. ^After lakes^*" 
reach maturity their prpgrisss 
toward fillinjg-up is accelerated. 
They become ex1^nc| throU'gh: 

' a The downcuitin^ of the out- 
, let. 

% 

Filling with detritus Qrod^d ^ 
from the shores or brought 
in by tributary streams. 



Filling the accantM^tion of 
the reriiaii^s ofVegetable- 
^".matferials gr'owin^^ the 
ke itself^ ^ ' ^ « 
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* fOften two or three pro- 
cesses may act concurrently) 

When m^ hastens tjie above ; ^ 
process, it Is otten called ' 
"cultural eutrophicatfon, ^' 
•© ' 

VIl' PRODUCnVXTY • 

A tTh^. biological resultant of all physical 
^and chemical factors is the quantity* of 
' ' Jife that ma J- actually be present. Th6 ^ * 
ability to produce this "biomass'*,is 
often referred to as the "productivity" ^ 
of a body of water )v This -is neither good 
nor bad per se. A water of low producti- 
vity is a "podr" water biologipally, and 
also a relatively "pure" or "clean" water; 
/ K hence desirable as a water supply. A 
I productive water on the other nand may 
' be a rfuisance to mail or highly desirable 
Some of the -factors which influence the 
productivity of. waters are as. follows: 

B Facto'rs affecting stream productivity. 
-^To be prod;uctive of plankton, a. stream 
must provide adequate nutrients, light, 
a sxiitable temperature, and time for 
growth to take place. , 



1 «o Youthful streams, especially on 

rock or sand sulistrates aije low 
in essential nutrients. Tempera- 
tures in moimtainous regions are 
♦ u^^ially low, and' due to the steep " 
gradient,* time for growth is short. 
Although ample Ugfit is avadlable, 
growth of true planktori is thus 
' * greatly limited. 

2 As the stream flows*tow^rd a 

> more '^'mature" condition nutrients 
^^**^t€5nd tp accumulate, and gradient 
^ dimini^es ai^ so time of flow , ^ 
increases, temperature tends to 
fej ' increase, and plankton flourish. 



Should a heavy load of inert silt 
develop on the other hand, the 
turbidity would reduce the JLight 
penetration and^ consequently the" 
general plankton production would 
t'diminish. » 



^^As the stream approaches base 
* level (old age)* and the tim^ avail- 
able for plankton growth increases, 
^. the balance between turbidity, 
^ % nutrient levels, and temperature 
^j,ar^ other^seasonal conditions, 
/ determines ♦the overall prbduc- 
^ tivity/- ' 



factors Affecting the Productivity 
^ . jof, Lakes. ^ i • 
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The size, shape,^and depth 
, of .the lake basin; Shallow water 
is more prpductive than de^er 
water since more light will reach 
.the bottom to stimulate rooted 
plant growth. As a corollary, 

^ lakes "^ith more shoreline, having 
more* shallow water, are in general 
more productive. Broad sl^allow 

Y^kes and reservoirs have the 
^eatestrproduction potential (sind 
henc)5 should be avoided for water 
supplies). ' ^ ' ^ 

Ha3rd' waters are g^erally more 
productive than soft waters as 
there are more plant nutrient 
minerals "aivailable. This is often 
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FACTORS AFFECTING PRODUCTIVITY 

• - • 

Geographic Location 



Longitude 

Altitude 




Penetra Develop oT^ Seasonal Cycle ^ 
and ^ * Littoral Circulaj. Stagnation 
ptilizkio/i Region . Growing Season - 
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greatly Influenced by the 
character* of ihe soil sirid rocks 

• in the "watershed, and the quality 
^ ' and quantity' of groun'd waiter 

^ " entering the l^ke. general, 
pH^nges of 6. 8 to 8. 2 appear 
to be Dfiost productive. 

» 3 Turbidxty deduces productivity 

as light penetration is reduced. 

4 The presence or absence, of 
therma l stratification w ith its 
semi-annual turnovers affect 
productivity by distributing 
nutrients throughout the water 
ma^s. 

5 Climate, temperature, pre- 
valance of ice and snow^ are 
also important.. 

D/ Factors Affecting the Productivity of 
Reservoirs 

1 The productivity of reservoirs 

i^ governed by much the same 
principles as that of lakes, with 
* ' the difference that the water 
level is much more under the 
control of man. Fluctuations 
r in water level^.C£ai be used to 

deliberately increase of decrease 

* produ9tivity. This can be dem- ^ 
onstrated by a comparison of ^ • 
the TVA reservoirs which pra^ctice 
a summer drawdown with some of 
those in the wesl whfere a winter 
drawdown is the rule. 

^ 2 The level at whi^ water is re- 

moved from the/*eservoir is also 
important^ The upper epUiinnion 
may have a high plankton tui^bi- 
dity while lower down the plankton 
count may be less, ])ut a taste 
and Odor causer <such as MaUoj 
Hlonas )may be present. There • 
may^be ^tyo thermoclines, with 
a mass of mudcty water fWwing 
' " between-a clear upper epilimnion 
" ' and a clear hypolimnion. Other 
. combinations ad infinitum may 
occur. , 



3 Reservoir discharges also pro- 
J " foundly affect the DO, temperature, 
^ and turbidity in the stream below 

a dam. Too much'^fluctuation in 
flow may perinit sections of the 
.stream to dry periodically. 

Vm ClJ¥SSIFICATION OF LA^ES AND 
RESERVOIRS 

A The productivity, of lakes and impound- 
ments is such a conspicuous feature t , 
\ that it is often used as a means of 
classification. 

^ Oligotrophic lakes are the 
J ^ geologicsJly younger, less produc- 

tive lakes, which are deep, have 
clear water, and usually support • 
Salmonoid fisl;ies. 

\ 

\ 2 Mesotropi c lakes are generally 
^ . intermediate between oligotrophic <^ 
A And ecArqphic lakes. They are 

\ moderately productive, yet ^ ^ 

^ pleasant io be around. 

'J 

3 Eutrophic lakes ire more mature,^ 
more turbid, and richer. They 
are -usually shallower. They are 
richer in dissolved solids; N; E, 
V ajid Ca are abundant. Plankton is^ 
V abundant and there is often a' 
ricK bottom* fauna. Nuisance 
conditions often appear. 



4 . Dystrophic lakes - bog lakes' ' 
low in pH, water yellow to irown, 
j dissolved solids; N, P, and Ca 
^ scanty but humic materials abunr 
. dant; bottom fauna ^d plankton 
• ^ poor, *and fish species are limited. 

Reservoirs may be classified as storage, 
or rim of the riVer. 

1 Storage reservoirs have a large 

^ volume in relation to .their inflow. * 

2 * Run of the! river reservoirs halve 

a large flow through in relation , 
to their storage value. 
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C 'According to location, lakes and 

reservoirs may be classified as polab, 
* temperate, or tropical. Differences 
in 'climatic an^ geographic conditions 
* result ia ilff^ences in their biology. 

IX THE MANAGEMENT OR CONTROL-OF- 
ENVIRONMEISJtAL FACTORS 

A Liebig's Law of the Minimum states 
that productivity is limited by the 
nutrient present in the least amoung 

^ at any given time r^glative to the 

assimilative capacity of- the organism, 

B SheLford's Law of Toleration: 



Minimum Limit 
of tolemtion 


Rans^ of Oplimuftf 
of factor 


Maximum 
tolera 


limit of 
tion 


Absent 


Decreasing 
Abundance 


Greiltest abundance 


Decreasing 
Abundance 


Absent 



The artificial introduction of nutrients 
(sewage pollution or fertilizer) thus 
tend^tp eliminate existing Waiting 
minimums Jor some specie!^ and create . 
intolerable maximums for o^ther species. 
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Kno^ limiting miaimums/may 
sometimes be dhslibe^rately 
maintained. 



As tjie total availably enel'gy 
supply is iacreased, jprc^ductivity 
; tends to increase. ^ 

3 * As productivity, increases'^ , the 

whole characfter o^ the water 
• ; ' may be changed from a Jneagerly 
, productive clear water lake 
(oUgotrpphic) to a highly pro- 
ductive Bnd usually turbid lake 
•^(eutrophic)'. 

, 4 Eutrophication leads to treatment 

troubles* # 

D . Control of eutrophication may be accom- 
,plistied by various means 

. • 

» 1 , Watershed management, ade- ; ' 

* - • ' quate preparation of j^egervojLr. 
'* siteis, and' pollution contrql tend- 
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to maintain minimum limiting nu- 
tritional factors. 

Shading out the energy of insola- 
tion by roofing or inert turbidity; 
suppresses photosynthesis. 

Introduction of/ substances toxic, 
to some fimdamental pai«t of the , . 
food chaia (such as copper sul- 
phate) tends to temRprWily inhibit 
productivity. . 



X .SUMMARY ^ ' ' ' 

> .a 

A A body of water such as a lake rep- 
resents an intricately balanced system 
in a state of djHiamic etiuilibrium. ^ 
' ^ Modification imposed at one point in 
the system automatically results in 
' compensatory adjustments at associated 
pomts, 

» ^ • • 

B The more thorough our knowledge of 
the entire systefn, the better we can 
judge where to impbiie control measures 
to achieve a desired result. 
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BIOLOGY OF ZOOPLANKTON COMMUNITIES 



> I • CLASSIFICATION ' , 

• ^ \ 

A The planktonic community is composed of 
organisms that are relatively independent 
, of the bottom to complete their life history. 
They^jlnhabit the open water of lakes 
(pelagic zone). Some Species have inactive 
or resting stages' that lie on^^e bottom 
and carry the species througiT'periods of 
stress; e. g-. , winter* A few burrow in 
. the mud and enter the pelagic zone at night, 
bu,t most live in the open water all thj^ 
time that the species is present in an active 
form. / 

B Compared to the bpttom fauna and flora, 
the plankton consists of relatively few 
^ kinds of organisms that are consistently 
* and abundantly present. Two major cat- 
egories are often called phytoplankton 
(plants) and zooplanktoa>(animals), but 
this is based on an outmoded classification 
of living things. The m'odern tendency is 
to identify groupings According to their 
function in the eco&ystem: Primary pro- 
ducers (photosynthetic organisms), consumers 
(zooplankton), aad decomposers (hetero- \ 
trophic, bacteria and fungi). * \ 

C, The primary difference t'h^n is nutritional; 
phytoplankton use inorganic nutrient 
elements and solar radiation, Zooplankton 
/eed on particles, much of which can be 
phytoplankton cells, but'^'can be bacteria or 
particles of dead organisms (detritus) 
originating in the plankton, the shore 
' region; or the land surrounding the lake. 

D The swimming powers of planktonic 
organisms is so limited that their hori- 
zontal distribuiion^is determined mostly 
by movements of water. Some of the 
animals are able to swim fast enough that 
they can migrate vertically tens of meters 
e^ch day, but they are capable of little 
horizontal navigation. At most, some 
species of crustaceans show a general 
avoidance of the shore areas during, calm 
•weather when the water is movinglmore 
slowly than the animals can swim*^By 
definition, animals that are able to control 
their horizontal location are nekton, not 
plankton. , 



In this presentation, a ininimum of clas- 
sification and taxonomy is used, but it 
should b<§, realized that each group is 
typified liy adaptations of structure on 
physiology that are related to the plank- 
tonic mode of existence. These adapta- 
tions are reflected in^he classification. 



II freshw:ater zooplankton 



The^ freshwater Eooplankton is dominated 
by representatives of three groups of 
animals, two of them crustaceans: 
Copepoda, Cladocera, Rotifera. All have 
feeding mechanisms that permit a high 
degree of selectivity of food, and two can 
produce resting eggs that can withstand 
severe environmental conditions. In 
general the food of usual zooplankton pop- 
ulations ranges from bacteria and small 
algae to small animals. 



B 



The Cdpepoda reproduce by a normal 
biparental process, and the females lay • 
fertilized eggs in groups which are carried 
around in sacs until they hatch. The 
immature animals go throu^gh an elaborate 
development with many stages. The later " 
"^stages have mouthparts that permit them 
to collect particles. In many cases, these 
are in the fotm of combs which remove 
small particles by a sort of filtration 
process. In others, they are modified to 
form grasping organs by which small 
animals or large algae are captured 
'individually. 



C The Cladocera (represented by Daphnia ) 
reproduce much' of the time by partheno- 
Apesis, so that only females are present. , . 
Eggs are held by the mother in a brood 
chamber until the young are developed far 
^enough J^fepd for themselves. The newborn 
ani^mals look like miniature adults, and do 
not go through an elaborate series of 
.developmental stages in the water as do 
the copepods. Daphnia has comb-formed 
filtering structu^res on some of its legs ^ 
that act as filters. 
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Biology of Zooplankton Communities 



Under some environmental conditions the^ 
development of eggs is affected and males 
ar,e produced. Fertilized eggs a3*e produced 
that can resist freezing and drying, and 
th^s^ carry the population thrbugh , 
unsatisfactory conditions. 

The Rotifera are small animals- with a 
ciliated area-^n the head which c'reates 
currents used both for locomotion: and for 
bringing food 'particles to the mouth. They 
' too reproduce by parthenogenesis during 
much of the year, but production of inales 
results in fet*tilized, resistant resting eggs. 
Most rotifers lay eggs one at a time and 
carry them until they hatch. 



Ill ZOOPLANKTON POPULATION DYNAMICS ^ 

A In general, zooplankton populations are at 
a minimum in the cold seasons, although 
some species flourish in cold water. Species 
with similar food requirements seem'to 
reproduce at different times of .the year or 
are segregated in^^#§eixent layers of lakes. , 

B There is no single, simple jneasurement 
of activity for the zooplankton as a whole 
that can be used as anandex of production 
. as can the uptake of radioactive carbon for 
the phytoplankton. However, it is possible 
to find the rate of reprpduction of the species 
that carry their eggs. The basis of the 
method is that the number of -eggs iti a . 
sample taken a^^a given time represents 
the number^ animals that will be added 
to the population tiuring an interval that 
is equal to the length of time it takes the 
eggs to develop. Thus the potential growth' 
rgite of the populations can be dete3?mined. 
The-actual growth rate, determined by 
successive samplings and counting, is less 
than the potential, and the difference is a 
measure of the death rate.- 

C Such measurements of birth and death rates 
permits a mpre penetrating analysis to be 
made of the causes of population change 
than if data were available for population 
size alone. 

D Following is an indication of {he n^ajor 
environmental factors in the control of 
zooplankton. • 

1 Temperature has an obvious effect in 
its general control of rates. .In addition, 
the production and hatching of resting 
eggs may be affected. 



2 Inqf ganic materials 

Freshwater lakes vary in the content 
of dissolved solids according to the 
geological situation. Tlje total salinity 
and proportion of different dissolved 
materials in water can*Sffect the pop- 
ulation. Some species are limited to 
soft water, others to saline -wSter^, as 
the brine shrimp. The maximam pop- 
ulation size developed aray be related 
to salinity, but this^-is pr-obabfy an . 
indirect effect working through ^he ^ 
abundance of nutrients and production 

,of food. ^ 
♦ 

3 Food supply 

Very strong correlations have been , 
found between reproduction and food 
supply as measured by abundslnce of 
phytoplankton. The rate of food supply 
can affect almost 'all aspects of pop- 
ulatipn.biology ijicluding-rate of indi- 
- * vidual grpwth,.'time of maturity, rate 
of reproduction and length of life. 

4 Apparently in freshwater, dissolved 
organic materials are of little nutri- . 
tional significance, although som'e 
species can be kept -if the concentratfion* 
of dissolved material is high enough. 
Some species require definite vitamins 
in the food. 

5 Effect of predation on populations 

Ik 

The kind, quantity and relative pro- 
portions of species strongly affected 
by grazing by vertebrate and inverte- 
brate predators. The death rate of 
Daphnia is correlated with the abun- 
dance of a predator. Planktivorous 
fish (alewives) selectively feed on 
larger species, so a lake with alewives 
is dominated by the smaller species of 
crustaceans and large ones are scarce 
or absent. 

6 Other aspects of zooplankton 

Many species migrate vertfcally con- 
siderable distances Bach day. Typically, 
migrating species spend the da'yiight 
hours deep in the lake and rise 'toward 
the surface in late afternoon and early 
evening. 

Some species go through a seasonal 
■ change of form (cyclomorphosis) which 
is not fully understood. It may have an 
effect in reducing predation. 
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Biology of Zoopl4nkton Communities 



FIGURE 1 SEASONAL CHANGES OF ZOOPLANKTON IN LAKE ERKEN, SWEDEN 




Each panel shows the abundance of a species of ajiimal.- Each 
mark on .the vertical axis represents 10 individuals/liter. 
NaiSwerck', A. 1963. \ Die Beziehurtgen zwl,schen Zooplankton und 
Phytoplankton im See Erken. Symbolae Botanicae Upsallensis, 1,7:1-163. 



59 



figure" 2 REPRODUCTIVE RATE OF ZOOPLANKTON AS A FUNCTION OF ABUNDANCE GF FOOD 
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PLANKTON IC BIVALVE LARVAE 
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. , OPTICS AND THE^MICROSCdjPE 



I OPTICS 

An under standing of eleniehtary optics is 
essential to the proper u^e of .the microscope. 
^The mici*oscopist y/iU find tha^t- unusual pro- 
blems in illumination and photomicrography 
can be handled much more effectively bnce* 
t^e^under lying ideas in physical optics are ' ' 
understood, * \ 

\ 

A Reflection ' 

• ft 
A ^ood place to begin i&^with reflection at 
a surface or interface • Specular (03; 
Regular) refjlection results when d^eam 
of light leaves a surface at' the same angle 
,at which it'reached it This type of 
reflection occurs with highly polished 
smooth surfaces. It 'is stated more pre- 
cisely as Snell's Law, i;e. ,'the angle of 
inci^dence, , is equal to the angle of 
. reflection, r (Figure 'D. Diffuse (or 
scattered) reflection results when a beam 
of light strikes a rough or irregular sur- 
face and different portions of the incident 

* \ light are reflected from the surface at 
different angles. The light reflected from 
a piece of white paper or a ground glass is 
an^example of diffuse reflection. 




Figure 1 

SBECULAR REFLECTION - SNELUS 

LAW ^ ' , 

._BL MIC. 79 • . ^ 



Strictly speaking, of course, all reflected . 
light, even diffuse, obeys Snell's Law. 
Diffuse reflected light is made up tSi many 
specularly reflected rays, each from a 
a tiny element of surface, and appears 
diffuse when the reflecting elements are 
<^ery. numerous and very small. The terms 
diffuse and .specular, referring to reflection 
describe not so mugh a difference in the 
nature of the t-eflection but rather a differ- 
ence in the type of surface. A polished sur- 
face gives specular reflection; a rough 
surface gives diffuse reflection. 

It is also importpuit to note antj remember 
that specularly reflected light tends to* be 
.strongly polarized in the plane of the reflect 
. ing surface. This is due to the fact that 
those rays whose vibration directions lie 
closest to the plane of the reflection surface 
. are most strongly reflected. This effect is 
strongest when the angle of incidence is 
such that the tangent of the angle is equal ^ 
to the refractive index of the reflecting siu:- 
face. This p9J:*ticular angle of incidence is 
called the Brewster angle. 

B Image Formation on Reflection* 

, Considering reflection by mirrors, we find 
(Figure 2) that a plane mirror forms a 
virtual image behind the mirror, reversed 
right to left but of the same size as the 
object." ,The word virtual jneans that the 
> image appears to be ih a g|yen plane but ' 
that a gigurid glass screen or a photographic 
film placed in that plane would shOw no 
image.' The converse of a virtual^ image is 
91 real image. 

Spherical tnirrors are either convex or con- 
cave with ^he surface of the mirror repre- 
senting a portion of the surface of a sphere. 
The center of cu^vatufe is the^center of the 
sphere, part ofwhose- surface forms the 
mirrori The tocns,lies halfway blftween the 
•center of curvature apl^^the miVyy surface. 
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, *Figure 2 
IMAGE FORMA.TION BY PLANE MIRROR 



Construction of an image by a concave 
mirror follows from, the .two premises 
given below (Figure 3): 
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^ ' Figure -3. 

IMAGE FORMATION BY CONCAVE MIRROR 

' 1 A ray of ligh^ parallel to the axis of 
th§ inirror must pass through th^' 
focus after reflection. 

2 A ray of li^ which passe's through th^ 
center of curvature must* return along 
the sarnie pat^ 

*A corollary of the first premise* is: ^ 



3 A ray of light which passes through the 
focus is reflected parallel to the axis 
of the mirf*or. 

The image from an object can b'e located 
using the familiar lens formula: 



i ^ i 
P <\ 



where p = distance from the object to 
th*e mirror ' 
q = distance from the image to 

the mirror 
f = focal length 

C Spherical Aberration 

No sphe.rical surface can be perfect in its 
image-forming ability. The most serious 
of the imperfections^ spherical abei:ration, 
occurs in spherical mirrors of ^large 
aperture (Figure 4). The rays of light 
" making tip arj image point from tiie ou^er 
"zone of a spherical mirror do not pass 
through the same point as the more central 
rays. This type of aberration is reduced by 
blocking the outer zone rays from the image 
area or by using aspheric surfaces. 




Figure 4 

SPHERICAL ABEIlRAtlON BY 
SPHERICAL MIRROR 



Optics and the Micrpscope ' 



D Refraction of Light 

Turning now^to lo^)S(».s rather than mirrors 
we find that tlio nio.st'iiuporUml i Iuii^u Um- 
>stic is refraction. KHra^ lioii riMi-.rs to 
the change of dinn lion ami/ or vrKuity of 
light. as it pass(*tf from one ni.uliuni to 
another. Tho ratio of lhi» vr!oi il> in ixiy 
. (or more correctly in a vai uuni) lo^ Uic 
"Velocity ip*the^ nii diiini is i alU»d the 
refractive indjox. Soiiu*- typieul v;ilu(*s of 
refractive index n'ieasured with mono- 
chromatic light (sodiun) D hne) are listed 
in Table 1. ' , 

• - » 

Refraction causes an ob)<»et immiT^^d in 

*a meflium of higher rei'raetivi* index than 

air to appear c'loser^to the surfaee thaft it 

actually is (Figure 5). This effeet "^^^^ 



into foi us and the new micrometer reading 
is tak(*n. l»*inalJy, the mi< roscOpe is re- 
foeused until the surface of the liquid Appears 
in sharp foeus. The micrometer readings 
is til ken again and, with this information, , 
tho r(»fpa( tiv(» index m?y be calculated from 
the simplified equation: 



raelive index = 



actual depth 
apparent depth 



•Table 1 KKI-'RACTaVK INDICES OF COMMON 
(VIATKRIA1.S MKASURED WITH SODIUM LIGHT ^ 



Vacuum 1. OppOOOO 

Air 1. 00029 i 8 

CO2 . J. 0004498 

Water 'l. 3:^:^0 



Crown glass. 1. 48 to 1,61 
Rock salt^^^i^l. 5443 



Diamond 
Lead sulfide 



^2.417 
^. 912 



4^ 



Actual, 
depth . 



I » Apparent 
dept^ 



V 



- *Air 



Mediiiinn 



tmo^e ' 
Object V. 



■4: 



Figures \ 
REFRACTION Oe'lVJHT,"^ INTIEJR 



FACE 



be used to detSi^mirte tlip^fractive index 
o( a4iquid' wf&i the n\jy^rpscope. A flat 
. vial ''with sL scr^tcjju^ *e bp ttom (jjjside) • 
is jjlaced^in the's*tdge of the 'microscope.?'* 
The microscope \i fo'cuWed op tiie -sfcratcfi • 
.^nd the fine adjustment micrometer reading* 
is noTedr A small amount of the unknoWn 
liquid is added? the scratch as again brought * 
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When the situation's reversed, aj^d a ray ^ 
of light from 'a medium of high refractive 
index p'^^jjes thr9ugh the interface of a ^ \ 
medium of lower index, the ray is refracted 
antil a critical angie.is reajched beyond which 
all pf the flight is* reflected from* the interface 
frigiire 6). This critical angle, C, has the 
foll(twing relationship to the refractive indices 
of the two media: ' ( 



^ sin C = "2 



, where^n2 <ni. 



Wllen the second medium is air, the formula 
becomes: » 



1 



■^in^C 



n\ 'J 
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Figure 6 

REFLECTION* AT CRITICAL ANGLE 
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£ Dispersion 

* * ^ * . 

DispersioiTis another important property 
of transparent materials. This is the 
variation of ref'racftive irtdpx witli color, 
(or wavelength) of light. Whon white* light 
passed throiigh a glass prison, the^ light 
srays are -refracted Ijy different amounts 
and* separated into the colors of the . - 
spectrum.^ This spreading of light into 
its' cqmpqnent' colors is due to dispcrsij^nr* 
which,, in turn,**is due to the fact that the 
.refractive index of transparent substances, 
♦ liquids and solids, is lower for long wave- 
lengths than for sii'ort wavelength^. 

Because of dispersion, determination of 
the refractive index of a substance re-y^ 
quires designation of the particular"^Svo- 
length used. Light from a sodium lamp 
has a strong, closely spaced doublet with 
an average wayelength of 5893A, called 
the D lixie, which is commonly used as a 
reference vjavelength. Table 2 illustrates 
the change, of refractive index with wav^-/ 
length tor a f6w common subst^Aces. 



F Lenses 



Vs. 



There are two classes of lenses, con- 
verging and diverging, called also convex 
and concave., respectively. The focal 

J point of a converging lens is defined as 
'the pQint at which a bundle of light rays 

^ parallel to the axis of the lens appear^ to 
converge af^er, passing through the lens. 
The focal lerigth of the lens is the distance 
from the lens to the focal point (Figure 7)*^ 



A. 




Table 2. DISi'ERSION dF REFRACTIXyl 
INDICE9 OF SEVERAL COMMON 1\SaT^IALS 



J^efractive index ' * 
F Jine D line C line, 
blue (yeliow) <red) - 
4861A* 5893A 6563A * 



Carbon*disulfide 


1. 6523 
• 


— -9 ' r- 

U6276 


1. 6182 


Crown glass 


1. 5240 


'r.5172 


n.5145 


Flint glass * 


l>'639l' 


1. 62^0 


s^l.622J^ 


Water 1 


1. 3372 


^ K-3330 


1. 3312 



1^ 



The dispersion q(P a material can b^ defined ^ 
quantttati^Ael^ as: • 

^ ^ n (yellow) - 1 
V =. dispersion - ^ „ (^i^e)- n (red) 



n (^93mn) - 1 ' 

n (486mji) t n{656mji) 



where, n is the refractive index^ of the 
material at the particular wavelength 
noted/ in the parenttijeaes. 



Figure 7 

CONVERGENCE OF UGHT AT FOCAL P6INT 



G Image F 



iTonria ti 



tion by Refraction 



Image formation by lenses (Figure 8) 
.follows rules analogous to those already 
given above for mirrors: 

1 Light traveling parallel to the axis of 
the lens will be refracted so as to pass 
through the foius of the lens. 

^% Light traveling through the geometrical 
V center of the lens will be unrefracted. 

• s 

iThe position of the, image catrbe determined' 
by remembering that a light ray passing 
through t)% ftcus, iP, will be parallel to 
the axis of the lens^ori the opposite siSe of 
the lens and that aVay passing through the 
geometrical, penter of the lenaf^ill be 
unrefracted. , % 



r 




Figuri- 8 

IMAGE FORMATION BY A CONVEX 1 .B:WS 



C 



The magnification,^ M, of an image' of an 
object. produced by a lens is given by the 
relationship: , * • 

image size . image di;stance _ q 
object size object distance p 



where q = distanct^rom image to lens 
and p distance from Dbject to lens. 

H Aberrations of Len^e^ 

"L-ense^ have §iberrations of several types 
w^ich^ unless corrected, cause loss of 
detail in ^he image. Spherical aberration 
appears in lenses with. spherical surfaces. 
Reduction of spherical aberration canine 
^.accomplished by diaphragming the outer 
zones pf the lens .or by desigbing special , 
aspheYical surfaces in the'lens* system. 

Chromatic aberration is -a phenomenon 
caused by the' variation of refractive, index 
with wavelength (dispersion). -Thu^a lens 
ree&iving white light from a^n object will 
° form a violet image closer to the leps and 
' ^ a red one fai:ther away. Achroni£|fe" 

lenses are , employed to minimize Ihis * 
" ^ effect... The lenses ar^Ncombin|Ui4&hs of 
two or more leiis elements md^de Up.o^ 
materials having different dispersive 
^fngjfrs'. The use of monochromatic light- 
' isVmother obvious way of eliminating 
ohrcfmatic aberrAliori,. « . . - 

Astigmatism-is a third aberration of ^ 
\ spherical lens syk terns It occurs when 



ob)cct points are riot located on the optical 
axis of the Jens and results in the formation 
of an indistinyt image. The simplest 
rom<*dy for a.stigmati.sm is tp place ftie 
object t lose to the (Xxis of the lens s^Qtem. 

I InterfV»rence Phenomena , \ 

Interference and diffraction are two phe- , 
nomcna which are due V th^ wave character- 
istic's of light. The guj^erposition of two 
, light rays arriving simultaneously a,t a given 
point will give rise to interference effects, 
whcn^by the intensity at that point will vary 
from. dark lo bright depending on the. phase 
differences between the two ligiit rays. - 

The first requirement for interference is 
that the light must come from a single 
source. The light may be split into any 
number of^paths but must originate from 
the same poipt <or coherent source). Two 
ligbt waves from a coherent source arriv- 
ing ai appoint in phase agreement wlW 
reinforce each other <Figure 9a), Two 
light wavesjrom a coherent source arriv- 
ing at a point in opposite phase will cancel 
each other <Figure 9b). 





Figui:e 9a, Two-^ight rays, 1 and .2, of 
the sami? iFrequency-but dif- 
*\ ; , ferent arhplitudes, are in phase 
' in the upper diagram. In tl;ie 
lower diagram, rays l and 2 
interfere constructively to give 
a single wave of the same fre- 
quency and 'with an, amplitude 
equal to the summation of the 
two former waves,. 
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Figure 9b. Rays> 1 and 2 are no.v 180° 
"^ut of phase and interfere 
destructively. The resultant, 
in the bottom diagram, is of 
the same frequency but is of 
reduced amplitude (a is 
negative and is subtracted > 
from b). 



> The reflection of a monochromatic^ light 
^ beam by a thin film results in two bean|s, 
one reflected from the top surface and one 
from the bottom surface. The distance- 
traveled by the latter beam in excess of 
the first is twice the^thickness of the film 
and^ts equivalent air path is: 

2 nt 




where n is .the refractive index and 
* • t is*the thickness-of the film. 

'^he second beam, however, upon reflection 
at the bottom surface, undergoes a half 
wavelength shift and now the total retard- 

/^pon of the second beam with respect to 

*the first is given as; 

retardation = 2 nt + . 

2 

where X is the wavelength of the light 
beam, * * 

When retardation is exactly an odd^umber ^ 
of half wavelengths, destructive interfer- f 
ence takes place resulting in darkness. * 
When it is zero dr an even niynbejrof half 
wavelengths,, constructive interference 
results in brightness (Figure 10)« 
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Figur^e 10 
INTERFERENCE IN A THIN FILlvf 

A simple interferometer can be madefy 
partially silvering a microscope slide and 
cover slip. A preparation between the two 
partially silvered surfaces will show inter- • 
forence fringes- when viewed with mono- 
chromatic lifeht, either tra^^itted or by 
vertical illuminator. The fringes will be 
close together with a wedge-shaped prep- 
aration and will reflept-^refractive index 
differences due to femperfiture variations, 
concentration differences,^ different solid 
phases, etc. The method has been used to 
measure quantitatively the concentration of 
solute around a growing crystaP^'(Figure 11), 
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Figure 11 

MICROSCOPICAL METHOD QF VIEWING 

INTERFERENCE IMAGES 
a Examination is by transmitted light. 
Light ray undergoes- multiple 
reflections and produces dark and 
- ^ light fringes in the field, A speci- 
men introduces a phase shift and. 
changes the fringe pattern. . 
^b Illumination is froni the top. The 
^ principle *is the same but fringes * 
show greater contrast, 

,70 . • 
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Optic 8 and th<B Microscope 



feach dark Band represents ^ equivalent 
air thickness of an odd nurnber of half 
wavelengths. Convdrsely, each bright 
band is the result of arTeven numbers of 
half wavelengths. 

With* interference illumination, the effect 
-<if a transparent object of different re- 
fractive index than the medium in the 
microscope fi^Td is: • 

1 a change of light intensity of 'the object 
if the background is uniformly illumi- 
nated (parallel cover slip), or 

2 a shift of the mterference bands within 
the object if the background consists 
of bands ( tilted cover slip) . 

The relationship of refractive indices of 
the surrounding medium and the object is 
as follows: 



d = r 



2. 44 i\ 



n« = 1 + 



ex 



360t 



0 



where iig = refractive index of the 
specimen 
" refractive index of the 

surromiding_jjiecLiiim 

B = phase shift of the^twp 

beanis, degrees 
K = wavelength of the light 
t ^ = thickness of the spe'cimsn. 

Diffraction 

In geonnetrical optics', it is assumed that 
light travels in straight lines. This is not 
always true. We note that a beam. passing 
through a slit toward a screen creates a 
bright biand wider than the slit'with alter- 
nate bright and dark bands appearing on 
eitlter side of the central bright ^nd, 
decreasing in intensity as a function of 
the distance from the center. Diffraction 
describes this phenomenon and, as one of 
its-practicaj*consequences, limits the 
lens in it? ability to reproduce an image. 
For example, the image o/ a pin point of 
light produced by a lens is not a pin point 
but .is revealed to be a somewhat larger 
patch of light surrounded by dark and , 
bright rings. The diameter, d, of this 
diffraction disc ( to the first dark ring) 
Is given as: 



where f is the focal length of the-'lens, 
X the wavelength, and D the^ diamete^ 
of the lens. 

It is seen that in order to maintain 
small diffraction disc at a given wave- 
length, the rliameter of the lens should 
be as large as possible with respect to 
the focal length. It should be noted, 
also, that a shorter wavelength produces 
a smaller disc. 

If two pin pomts> of light are to be distin- 
guished in an image, their diffraction discs 
must not overlap more than one half their 
diameters. The ability to distinguish such 
image points is called resolving power and 
is expressed as one half of the^receding 
expression: 



resolving^ower = 



1. 22 f X 
D 



II THE^COMPOUND^MIC90SCO?E 

The compound 'mi<iroscope is an extension in 
'princ iple of \ the/simple magnifying glass; 
hence~U~is essential To^understahd fully the 
properties ok this simple lens system. 



A Image Formation by the Simple Magnifier 



The apparent size of an object i's determined " ^ 
by the angle that is formed at the eye by the 
extreme rays of the object. By bringing the 
object clpser to the eye, that angle {called 
the visual angle) is increased. This also 
increases the apparent size. However a ' 
limit of accommodation of the eye is reached^ 
at which distance the eye can no longer focus. 
This limiting distance is about lO'lnches or 25 
* centimeters. It is at this' distance that the 
magnification of an object observed, by the 
unaided eye is said:'to be unity. The eye can, 
of course, be focused at shorter distances but • 
not usually in a relaxed condition^ 

A positive, or converging, lens can be 'used 
to»permit placing an object closer than 10 
inches to the eye (Figure 12). By this means 
the yisual angle of the object is increased 
(as is its apparent size) while the image of 
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Figure 12 

VIRTUAL IMAGE FORMATJON BY 
CONVEX LENS 

^ the object appears to bo 10 inches from 
the eye» where it is best accommodated. 

B Magnification by a Single Lens System 

The magnification, M, of a simple magni- 
fyin^j^iyiass is given t>y: 

25 
f 



M = + 1 



where f - focal length of the lens in 
centimeters*. 

A 

Theoretically the magnification can be 
increased*with"s hor ter ^aca i~le n gthriens e s 

* However such lenses require placing the 
eye very close to the lens surface and 

— have muchvimage distortion and other 
Optical abeiVations. The practical limit 
for a simole\magnifying glass is about 
20X, 

In order to go to magnifications hi^er 
than 20X, the compound microscope is • 
required. Two lens systems are used 
to form an enlarged image of an object 
. .(Figure 13), This is accomplished in 

• two steps» the first by a lens called the 
objective and the second by a lens known 
as the eyepiece (or opjilar). 

C The Objective 

The objective is the lens (or lens system) 
c loses t^tb the object. Its function is to - 
reproduce an enlarged image of tfi% object 
in the body tube of the itiicroscope. — 
.C^jectives are available in various foc^l 



Ey<pi«ct 



Objtcttvt 




Figure 13 

IMAGE FORMATION IN 

_ COMPOUND MICllOSCOPE 

*♦ 

lengths to give different^agnifications 
(Ta,ble 3). The magnjifcation is calculated 
from the focal Idngtn by dividing the latter . 
into the tube length, usuallj^ 160 mm. 

The numerical aperture (N. A. ) is a measur^ 
^of the ability of an objective to resolve detai]:> 
This is more fully discussed in the next I 
section. The working distance is in the free ' 
space between the objective and the cover 
slip and varies slightly for objectives of the 
same focal length depending upQn the degree 
of correction and the manufacturer. 

There are three basic class if ifcat ions of 
objectives: achromats, fluorites and 
apochromkts» listed in the order of their 
complexity. The achropiats are good for 
routine >vork' while the' fluoritea and apo- ^ 
chromats offer additional optical corrections 
to compensate for spherical, chromatic and" 
other aberrations. 
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Table 3. NOMINAL CHARACTERISTICS OK USUAL MICROSCOi'E OBJECTIVES 



Nominal \ 
focaLlength 


Nominal 
magnif. 


N.A. 


worKing 
distance 
mm 


focus 


Ad III. \JL ^ 

* field 
mm. 


power, white 
light, ji 


]v/f a V i TTiii rn 

lyXOkJKi iuu 111 

useful 
magnif. , 


for max. 
useful magnif 


56 1 


2'. 5X 


0.08 




50 


' 8.5 


4.*4 


80X 


3 OX 






0. 10 




16 


5 


3.9 - 




2 OX 


10 


0.25 


7 


8- 


2. 


1.4 


250X 


25X 




20 


• 0.50 


1. 3 


2 


I 


0. 7 


• 500X 


25X 


]\ 




0. 66 


0. 7 


1 


0.5 


0.4 


6 SOX 


15X 




\ 45, / 


0.85 


0.5 


1 


0.4 


^ 0.35 


850X 


20X 


1.8 


\ 90 


L 30 


0.2 ^ 


0.4 


0.2 


0. 21 


1250X . 


12X 



Another kv^tem of objectives employs • 
Tei\^c\^T^ surfaces in the shape of concave 
and^^ejmvex mirrors. Reflection optics, 

^Jb^^use they have no refracting elements, 
do not suffer from chromatic aberrations 
as ordinary refraction objectives do. Based 

* entirely on reflection, reflecting objectives 
are extremely useful in the infrared and 
ultraviolet regions of the spectrum^ They 
also have a much longer working distance * 
than the refracting objectives. 

• 

The body tube of the microscope supports 
the objective at the bot^m (over the object) 
and the eyepiece at the top. The tube 
length is maintained at 160 mm except for 
Leitz instruments, which have a 170-mm 
tube length. 

The objective support may be of two kinds, 
an objective clutch changer or a rotating 
nosepjece: 

1 The objective clutch changer (*'qUick- 
change" holder) permits the mounting 
of only one objective at a time on the 
microscope. It has a Ifeenterihg arrange- 
ment, so that each objective need be 
centei:ed only once with respect to the 
stage rotation. -..The changing of objec- 
tives with this system is somewhat 
awkward compared with the rotating 
nosepiece. 

2' The revolving nosepiece allows mounting 
three or four objectives on the microscope 



at one time (there are some nosepieces 
that accept five and even six objectives). 
In this system, the objectives are 
usually nc^ticenterable and the stage is 
centerable. Several manufacturers pro- 
vide centerable objective mounts so. that 
each objective on the nosepiece need be 
centered only once to the fixed rotating 
stage. The insides of objectives are 
better protected from dust by the rotating 
nosepiece. This, as well as the incon- 
venience of the sc?-called "quick-change*' 
objective holder, makes it worthwhile 
to have one's microscope fitted with 
rotating nosepiece. 



JD The Ocular 



The eyepiece, or ocular, is necessary in 
the second step of the magnification prooess. 
The eyepiece functions as a simple magni- * 
fier viewing the image formed by the 
objective. 

There are (hi'ec classes of eyepieces in 
common use: huyghenian, compensating 
and flat-field. The huyghenian (or huyghens) 
eyepiece is designed^to, be used with 
achromats while the compensating type is 
used with fluorite and apochromatic 
objectives. Flat-field eyepieces, as the 
name implies, are employed in photo- 
micrography or projection and can be used 
^with most objectives* ^It is best to follow 
the reconrfimendatfons of*the i^nufacturer 
as to the proper combination of objective 
and eyepiece. ' . 
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The usual magnificatiozis available in 
oculars run from aboutSBX up to 25 or 
30X, The 6X is generally too low to be of 
any real value while the ^5 aad 30X oculars 
have slighw poorer imagery than medium 
powers an^have a very low byepoint. The 
most useful eyepieces lie in the 10 to 2 OX 
magnification range. 

E Magnification of the M*icroscope 

The total magnification of the objective- 
eyepiece combination is simply the product 
of the two individual magnifications. A 
convenient working rule to assist in the 
proper choice of eyepieces^ states 'that the 
maximum useful magnification (MUM) for 
the microscope is 1, 000 times the numeri- 
cal aperture (N, A. ) of the objective. 
The MUM is related to resolving power 
in that magnification in excels of MUM 
gives little or no adclitional resolving 
power and results in what is termed empty 
magnification . Table 4 shows the results 
of such combinations and a comparison 
with the lOOOX N. A. rule. The under- 

* lined figure shows the magnification near- 
est'to the MUM and the eyepiece required 

. with each objective to achieve the MUM. 
From this table it is apparent that only 
hi^er power eyepieces can give full use 
of the resolving power of the objectives. 
It is obvious that a lOX, or even a 15X, 



eyepiece gives insufficient magnification 
for the eye to see detail actually resolved 
by the objective. , 

F Focusing the Microscope 

The coarse adjustpient is*us'ed to roughly 
positiX)n the body tube (in some newer 
microscopes, the stage) to bring the image 
into focus. The fine adjustment is used 
after the coarse adjustment to bring the 
.•image into perfect focus and to maintain 
the focus as the slide is moved across the 
stage. Most microscope objectives are 
parfocal so that once they are focused any 
other objective can be swung into position 
without the necessity of refocusing except, 
with the fine adjustment. 

The student of the microscope should first 
learn to focus in the following fashion, to 
/ prevent damage to a specimen o» objective: 

1 Raise the body ti|be and place the speci- 
men on the stag^. 

2 Never focus the body tube down»(or the 
stage up) while observing the field 

-through, the eyepiece, 

3 Lower the body tube (or raise the stage) 
with the coarse adjustment while care- 
fully observi;ig the space between the 



Table 4. MICROSCOPE MAGNIFICATION CALCULATED 
FOR VARIOUS OBJECTIVE-EYEPIECE COMBINATIONS 

Objective 



Focal 
length 


Magni- 
fication • 






Eyepiece 






MUM^ 
(1000 NA)* 


5X 


lOX 


15X 


2«C 


. 25X 


56mm 


3X 


IBX 


30X 


' 4^X 


"^60X 


75X 


* 80X 


33 


5 


25X 


5 OX 


' 75X 


lOOX 


125X 


lOOX . . 


16 


10 / 


50X 


lOOX 


150X 


^200X 


25 OX 


25 OX 


• 8 ' 


20 


'YoOx . 


200X 


. 300X 


400 * 


500X 


500X 


4 


40 . 


200X 


400X 


*600X 


800X 


lOOOX 


660X 


1.8 


90 


. 450X 


960X 


1350X . 


1800X 


5250^ 


125 OX 



'^MUM= maximuip useful magnification 
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objertivo and sJuIr and permitting the 
two to come close together wjjthout 
touching. 

4 Looking through the microscope and 
turning the fine adjustment in such a 
way as to move tlie objective away from 
the specimen, bring the image into 
sharp focus. 

The fine adjustment is Visually calibrated 
in one- or two- micron steps to indicate, 
t h^ vertic al movement of the body tube. 
ThJfe feature is useful in making depth 
measure rnents but should not be relied 
upon for accuracy. 

G The Substage Condenser 

The substage holds the condenser and 
polarizer. It can usually be focused in a 
vertical direction so that the condenser can 
be brought into' the. correct position with 
respect to Uie specimen for proper 
•illumination. In some models, the conden- 
ser i$ centerable so that it may be set 
exactly in th^axis of rotaticp of the stage, 
otherwisQ.it will have been prccentered at 
the factory and should be permanent. ^ 

H The Microscope Stage _ 

The stage of the microscope supports the 
specimen between the condenser and 
• dbjective, and may offer a mechanical stage 
as an attachment to provide a means of 
moving Jthe slide methodically during obser- 
vation. The_polari2ipg micioscope is 
fitted with a circular rotating stage to , 
which a mechanical stage may be added. 
The rotating stage, which is used for^bject 
orientation to observe optical effects, will 
have centering screws if the objectives are 
not centerable, or vice versa. It is un- 
desirable to have both objectives and stage 
centerable as this does not provide a fixed 
] reference axis. 

i The polarizing Elements 

A polarizer is fitted to^tiae condenser of all 
polarising microscopes. In routine instru- 
ryicnts, the polarizer is fixed with its 
vibration direction oriented north- south 
(east-w-st for most European instruments) 



while in research microscopes, the 
polj/rizer can be rotated. 'Modern instru- 
ments have Efolarizing filters (such as . 
pblaroid)/«^placing the older calcite 
prisms. Polarizing filters ar6 preferred 
• be< ause they: 

1 are low -cost; '* 

2 require no maintenance; 

3 permit use of the full condenser 
aperture. 

An analyzer, of the same co/istructioh as 
the polarizer, is fitted in the body tube of 
the microscope on a slider so that it may 
' be easily removed from the optical path. 
It is oriented with its plane of vibration 
perpendicular to the corresponding clirection 
of the polarizer. 

J The Bertrand Lens^ 

The Bertrand lens is usually found only on 
the polarizing microscope although some 
manufac turers are beginning to include it 
on phase microscopes. It is located in^e * ^ 
body tube above the analyzer on a slider 
(or|3jvot) to permit quick removal from 
the optical path. The Bertrand lens is used 
to observe the back fooal plane of the objective. 
It is coavenient for checking quickly the type 
and quality of illumination, for observing 
interference figures of crystals, for adjust- 
ing the phase annuli in phase microscopy 
and forbad jus ting the annular and central 
stops iiiXdispersion staining. 

K The Compensator Slot 

The compensator slot receives camprinsators 
<quarter-wave, first-order red and quartz- 
wedge) for observation of the optical prop- ^ 
erties of crj'stalline materials. -It is usually 
placed at the lower end of the body tube just 
above the objective mount, and is oriented 
45° from the vibration directions of the 
polarizer and analyzer. , 

L The Stereoscopic Microscope 

The- .stereoscopic microscope, also called 
the binocular , wide-field , dissecting or 
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Greenough binocular microscope ^ is in 
reality a combination of two separate 
compound microscopes. The two micro- 
scopes^, usually mounted in one Ijody, havi 
their optical axes inclined from the vertical 
by about 7° anc| from each other by twice* 
this angle. When an object is placed on. the 
stage of a stereoscopic microscope, the 
optical systems view it from slightly 
different angles, presenting a stereoscopic 
pair of images to the eyes, which fuse the 
two into a single three-dimensional image. 

,1^he objectives are supplied in pairs, cither 
^as separate units to be mounted on the 
' microscope or, as in^the'hew mstruments,^ 
built into a rotating drum. Bajiisch and 
Lomb was the first manufacturer to have a 
zooni lens system which gives a continuous 
change in magnification over the full range. 
Objectives for the stereomicroscope run 
from about 0. 4X to 12X, wall below the 
magnification range of objectives available 
for single- objective microscopes. 

The eyepieces supplied with stereoscopic 
microscopes run from 10 to 25Xand have 
wider fields than their counterparts in the 
single -objective microscopes. 

Because of mechanical limitations, the 
stereomicroscope is, limited to about 200X 
magnification and usually does not permit 
' more than about 120X. It is most useful 
at rela^tively low powers in observirfg 
shape and surface texture, relegating the 
study of greater detail to the monocular 
microscope. The stereomicroscope is 
a^lso helpful in manipul*iting small samples, 
separating ingredients of mixtures, pre- 
paring specimens tor detailed study at 
higher magnifications and performing 
various mechanical operations under micro- 
scopical observation, e.g. micromanipulation. 



ni ILLUMINATION AND RESOLVING POWER 

Good resolving power and optimum specimen 
contrast are prerequisites for .good microscopy. 
Assuming the availability of suitable optics 
(pcular, objectives and substage condenser) 
it is still of paramount importance to use 
proper illumination. The requirement for a ^ 



good illumination system for the microscjij^g 
is to have uniform intensity of ijlumination 
over the entire field of view with independent 
control of intensity and of the angular aperture 
of the illuminating cone. 

A Basic Types oi Illumination 

There arc three types of ilfuminatiop 
(Table 5) used generally: 

1 Critical. This is'^used when high levels • 
of illumination intensity are necessary 
for'^oil imjnersion, darkfield, fluores- 
cence, low birefringence or photo- 
micrographic sti;<Jies. Since the lamp • 
filament is imaged in the plane of the^ 
specimen, a ribbon filament or arc 
lamp is required. The lamp must be 
focusable and have an iris diaphragm; 
the position of the filament must also 

be adjustable in all directions. 

2 Kohler. Also useful for intense illumi- 
nation, Kohler. illumination may be 
obtained with any lamp not fitted with 'a 
ground glass.* The illuminator must,, 
however, be focusable, it. must have an 
adjustable field diaphragm (iris) and the - 
lamp filament position must b^adjust- 
able in all directions. 

3 "Poor man's". So-called because a low- 
priced illuminator may be used, this 
method gives illumination of high quality 
although of lower intensity because*qf the 

. presence of a ground glass in the system. 
No adjustments are necessary on the 
illuminator or lamp filament although 
an adjustable diaphragm on the illuminator 
is helpful. 

All three types of illumination require that , 
the microscope substage condenser focus 
• the image of the illuminator aperture ^n the 
plane of thq specimen. In each case> then, 
the lamp it)is acts as a field diaphragm and 
should be closed to just illuminate the field 
of view. The difference^in these three ^ 
types (}f illumination lie m the adjustment 
of the lamp condensing letrs. With poor 
man*s illumination there isw> lamp conden- 
ser, whence no adjustment. The lamp should 
be placed close to the microscope so that 
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^Table 5. COMA'ARISON OP CRITICAL, 
COHLER AND FOOR MAN'S ILLUMINATION 



Critical 



Kohler 



Poor man**s 



• Lamp filabient ribbon filament dny type 

.Lamp condensing lens required y, required 

Lamp^'iris ^ required required 

Ground *glass at lamp d none none 
Image of light source ' in object plane, * at substag^ 



any type 

none 

useful' 

present 

none 



ins 



Ima^e of field iris 



nea'r object in object ' heac object 
plane plane <plane 

Image .of substage iris back focal plane back focal' p^dne back focal plane 

of objective of obji^ctive ' of objective 



the entire field of view is always « 
illuirtinated. If the surface structure of the 
ground glass becomes apparent in ytTie^ field 
of view the substage condenser ^very 
slightly defocused ; ( • 

Critical Illumination - , ' ^ 

* • • 

With critical illumination the lamp conden- ' 
ser is focused tp give parallel rays; iocujf^ 
ing the lamp filament on a far wallia 
sufficient. Aimed, then,, at the s^ubstage 
niirror, the substage condenser will focus 
the limp filament in the. object pla^ne, The 
substage condenser iris will now be foi^nd 
imaged in the back focal plane of the ob- 
'jective; it serves as a control 6ver con- 
vergence of the illumination, Altholigh the 
substagcairis also affects the light intensify 
over the field of view it should most decid- 
edly not be used for this purpose. The 
intensity of illumination .may be varied by * 
the use of neutral density filters and, unless 
color photomicrography is anticipated, by 
othe use of variable voltage on the lamp 
filament, • 

Kohler, illumination (Figure l4) differs 
from critical illiimination in the use of the 
lamp condenser* \wCith critical illumination 
the lamp condenser focuse^ the lamp 
filament at infinity; with Kohler illumination 
the lamp filament is focused in, the plane of 
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the substage condenser iris (also coincident 
with the anterior focal plane of the substage, 
condenser). The functions of the lamp 
condenser iris and the substage condenser 
iris in controlling, respectively, the area 
of the illuminated field of view and the 
angular aperture of the illuminating cone 
are precisely alike for all tliree types of 
illummatidn. 

Critical illumination is seldom used because 
'it requires a special-lamp filament and be- 
cause, whPen used, it^ shows no advantage ♦ * 
over well-adjusted Kohler illumination. 

Kohler Il)uminat\on 

To arrange the microscope and illuminator'* 
for Kohler illumination it is well to proceed 
through the following steps: - 

, a Pemove'lRe^diffusers and filters 
from, the lamp. , . 

«, -> 

b Turn the lamp on and aim at^a con- 
venient wall or vertical screen aBout * 
" 19^ inches away, Ppen the lamp 
diaphi4gni, \ " » 

^ «' <- 
c By moving the lamp condense, focus 
. a sharp image ^f the fila?ment. It 
should be of such a size as to fill, 
not necessarily evenly, the microscope 
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substage condenser opening?. If it . 
does not, move the lamp :uv;iy froAi 
the wall to enlarge Xhv riUnnrnt inui^jo; 
refocus. - 

Turn the lamp amruim it at'tlu* luii ro- 
scope mirror^so as^to ituiitiUiin the* 
sanuv 18 inchrs (or-adjiii^tfcl l;imp 
distance)/ 

Place a spix'iiiUMi oiy tlu* inis roscop**. 
^3tage and foeus sharply avith- a ur-inni 
(lOX) objective. Open fully thi» 
aperture diaphragm in the substage 
conc5enscr. iniie light is too bright, 
temporarily place a neutral jlcnsity 
filter or a diffuser in the lamp. 

Close the lamp diaphragm, or field* 
diaphragm, to about a 1-cm opening^ 
, Rack the microscope substage con- 
denser up and down to focus the 
field diaphragm sharply in the same 
plane as the^ specimen. « 

Adjust th^ n^irror to center the field 
diaphragm in 'the field of view. 

Remove the 16-m?i^objective and 
replace >yith a^4-mm objective, Mpve 
the specimen sb that a clear area fs 
"under" observatiorrT Place the 
. Bertrand lens in the optical path, ^or 
remove the eyepiece and insert an I * 
auxiliary telescope feold with phase? 
contrast accessories) in its^lace, 
or j'emove the eyepiece and observe » 
theback aperture of the objective 
directly. Remove any ground glass 
diffusers from the lamp. Now 
observe the lamp filafnent through 
the" microscope. 

If the fiiamenl does net appear to be • 
c^ntered/'l^wing th*e lamp housing in 
^ horizon^, arc whose center io^ at- 
*tiie field dilphragm. The pufpose 

- is.to maintain )t6e field diaphragm on 

"the lamp injts ^centered position. If 
a Vertical movement of the filament 
is required^ loBsen Xtie bulb Ij^ase and 

• slide it iip or down. If the base is • 
fixed;':tlltthetlamp housiilg a 

'vertical arc with the*' field diaphragm 



as tile e(»nter of niovcm^Snt (a^.in 
emh^avoring to keep the lamp dia- 
phiM^rn in the ci'iilx^red position), ^ » 
jr you have m.Kstert^d this step, you ^ 

' have at c oniplished the most difficult 
por tion. (Hetter nu(:roseope'»|ar^s 
hav(» atijustnicnts to move'* the bulb. 

Miult'peiuJently of^ the lamp housing to 
simplify this st(*p,.) 

Put thr spei imeti in plaeo, replace 
the* eyepiece and the desired ob'jec- 
'tive and refocus. > 

; Op<*n or^close. t]>t»* field diaphragm 
until it jlist disappears firom^'the field. 

Observe -the back aperture of the 
obj<»ctive, preferably with the Bertrand 
lens or thevauxiliary telescope, and 
close the aperture diaphragm on the 
substage condenser until it is about 
four-fifths the diameter of the back 
apcFture-. This is the l?^st position 
for the apei'ture diapliragm, a posi- 
tion which minimizes glare and maxi- 
mizes,' the resolving power. It is ^ 
instruttivfe to ''.vary the aperture dia- 
phragm'and observe |he image criti-' " 
cally during the manipulation: 



m If the illumination is too great, ' 
insert an appropriate neutral d^niity 
filter between the illuminator and ~ . 
the condenser. Do not use the con». 
densc^r a^ertur^ cUaphragm or the 
lamp field diaphr^agm to cofltrol^the 
intensity of illumination. 

Poor Man*s Illumination , , , 

Both critical anS Kohler illumination re- 
quire* expensive* illuminators with adjiast- 
al^le f6cus, lamp iris and adjustable lamp 
mounts. Poor man's illumination requires 
a cheap illuminator altho^igh an expensive 
illuminator may be used if its expensive 
features are negated by inserting a ground 
glas§ diffuser ojr by dsing a Ifrosted bulb, « 
Admittedly an iris dlaph^^agm on the lamp 
would be a help though it is not necessary. 

a The illuminator, must have a fi^bsted 
bull^ oi;a ground glass diffuser. 
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should bo possible to (lin»< l it in 
the gem?ral dir(»(:tion of the substa^{<* 
mirror, wry i ioav tlu»roto or in • 
place thereof. ^ 

b F*ocus on ahy preparation aftc?- 
. tilting the mirror to illumin^li* the* 
, ^' 'fircld. 

' c Remove the top Iimis of th<» i-ogdiMUsi^r , 
and, by raekinj? thi» condenser up^or, 
nvOviv often, down, bring into foi-us 
(in the same plam* as the ^p<»i im<'n) 
a finger, p£»ncil or othvv objort pfa<'<»d 
in the same general region as the 
groyndt'glass diffuser on thi» lamp. 
The glass surfaee itself ean then be 
focused in the plane of the sptu im-^n. 

d Ideally th6 ground glass surface will , 
just fillHhe field of view when eentered 
6y the substag^ mirror; adjustment 
^ m§y be made by moving the lamjD 
closet to or farther from the micro- 
scope (the position Vnight be marked . 
for e^ch objective used) or by cutting 
paper diaphragms of fixed aperture 
(one for each ofjjective used). In this 
instance a lamt> iris would be useful. > 

ft V* 

e JLow^f^^ condenser just su/ficiej^y 
to defocus the ground gls^ss surface 
and render the field of ilium Ihalion 
even. 

■ 

f/ Observe the back aperture of the 
Z' objective and open the sub stage con- 
denser iris about 75 percent of the 
way. .The final adjustment of the 
substage iris is made while observing 
the preparation; the iris should be 
open ^s far as possible, still giving 
good contrast. * ^ 

g The intensity of illumination should 
be adjusted oniy with neutral density 
' filters or by changing the lamp voltage. 

Proper illumination is one of the most im- 
portant operations in microscojsy. It is 
easy to.;j«dge,a microscopist's ability by 
a glance at his field of view and the objec- * 
tive back lens. 



n Resolving Power 



The t'<'solvi«g powi r of the microscope is 
its ability to distinguish separate details* 
of <'U)S(4y ^paced microscopic structures.^ 
Th(» tlu'orctical limit of resolving t\^p' • 
dist n tc points, .VtJistanct* X apart,* -^is: 

X ■ 



. 2 N. A. 



w!i<'r< 



wav(:l<'nj|tht,of light used to 
illuminate 'the speciipen 
A. = nCrtncrical aperture of the 
objcetive ? * 



Substituting a wavelength of 4, 500 
Angstroms and a numerical ap^erture of 

1. A, abdut-the-test that can be done with 
vjsiblc light, we f,ind that two points about 

2, OOOA (or 0. 2 Aiicron) apart can Be^seen 
as two separate points. Further increase 
in resolving power can be achieved for the 
light mie rose ope by using light or shorter 
wavelength. Ultraviolet light near 2; 000, 
Angg^troms lowers, the limit to about 0. 1 
micron, the lower limit for the light 
microscope. ^ ^ 

The .numerical aperture of an objective is 
usually engraved on the objective and 'is 
related to thfe angular aperture, AA 
(Figure 15), by the formula: 



N.A. 



n sin 



AA 
2 



where n = the lowest index in the spacj^ 
between the object and the 
objective. 




Angukv aperture 



~ Figure 15 

ANGULAR APERTURE OF 
MICROSCOPE OBJECTIVE 
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1 Maxintum useful magnification* - 

A helpfurrule of thumb is that the use- 
ful magnification will not exceed 1,000 
times the numerical aperture of the 
objective (see Tables 3 and 4). Although 
* somewhgt higher magnification may be 
u^ed in specific cases« no addftioiial 
detail will be resolved. ^ 

* 

It is curious, considering^^he figures 
. in the table, ^at most, if Aot all, manu- • 
facturers of microscopes furnish a lOX 
eyepiece as the higl^est poWer. lOX 
eyepiece is useful 'but anyone interested 
in critical work should use a l^-25X eye- 
piece; the 5- 10X eyepieces are best for 
' scanning purposes. . ' 

2 Abbess tlieory of resoli^ion 

. ' . ^ - J ■ < 

One of the ;tnpsrco*gent the ones, bf 
resolution is due to Ernst ^bbe', who 
suggested that microscopic objects acV 
like diffraption gratings (figure 16) and 
that the angle of diffraction, therefore, 
increased with-the fineness of the detail. 
He proposed^ tQat a given microscope 

. objective would resolve a particular 
detail if at leist tv{o or three transmitted 

. rays (one direct artd two diffracted rays) 

'^•entered the objective.^ In Figure 16 the 
detail shown would ^e resolved in A and 
C but not in B. This theory, which can 
be, borne ouJ:^by simple experiment, is 
\ise^ul in showing how to^ improve resolu- 
tion^ Sixice shorter 'wavelengths will ^ 
give a smaller diffraction angle, there 
is more chance of resolving fine detail 

* With short w^a ve lengths. * Also, since 
only twOkOf the transmitted rays are 
needecj^ ^oblique li'ghWind a high N.A. 
condenser will aid In resolving fine detail. 

3 Improv^g resolving power 

The folTqj^ing list summariz^s^the 
pjractical'approaches to higher resolu- 
tion with the light microscope: 

a The specimen should be illuminated 
by either critical or Kohler 
illumination. 





/ 



Figure 16 
ABBE THEORY OF RESOLUTION 



The conde.nser should be well- ^ 
corrected and have a numerical 
aperture as high as the objective to 
be used« 

An apochrorpatic oil-immersion 
objective should be used with a comr 
pensating eyepiece of at least 15X 
magnification. The irnmersion oil 
should have an index close to 1. 515 
and have propter dispersion for the 
objective being used. ^ 



^^Tj^Immersion oil should be placed 

between the* condenser and slide and,^ 
between cover slip and objective. 
The preparation itself should be _ 

Y surrounded by a liquid having a ^ 
refractive index of 1.515 or more.v 

' e The illumination should be reasonably 
monochromatic and as short in wave- 
length as possible. An interference 
filter transmitting-a wavelength of 
about 480-500 millimicrons is a 
suitablq answer to this problem. 
Ideally, of course, ultraviolet light 
should be used to decrease the wave- 
length still further. ^ 

The practical effe<^t of many of these • 
factors is critically discussed by 
Loveland(2) in a paper on the optics of* 
objectspace. 
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IV PHOTOMICROGRAPHY 



A Introduction 



— PhotomicxQgjrajohy^_a^^ist^ from micro-, 
photograpty/ ist^e art of taldng~picture 
thr^gh ths- microscope. A microphoto- 
graph is a small photograph; a photomicro- 
graph is a photograph of a small object. 
Photomicrography is a valuable toal-46 ^ 

• recording the results of microscopical 
stu d^. It Enables the microscopist to: 

1 describe a 'microscopic field objectively 

- v^ithout resorting to written descriptions, 

2 record a particular field for future 
reference, ^ 

3 m^ke particle s\ze counts and counting 
analyses easily and without tying jtip a 
microscope, •• 

4 enhance or exaggerate the visual micro- 
scopic field to bring out or emphasize 
certain details not readily apparent 
visually, 

5 record images in liltraviolet and infra- 
red microscopy; which are otherwise 
invisible to the unaided-eye. ' 

There are two general approaches to photo- 
micrography; one requires only a plate or 
film holder supported above the eyepiece 
of the microscope with a liglit- tight b^lows; 
the other utilizes any ordinary camera with 
its own lens system, supported with a light- 
tight ada^ftor above the eyepiece. It is 
best^ in the latter case, to use a reflex 
'camera so that the image can be carefully 
focused on the ground glass. Photomi- 
crography of this type can be regarded 
simply as replacing the eye with th'e camera 
lens system. The camera should be focused 
. at infinity, just as the eye is for visual 
observation, and it shouLd^be positioned 
close to and over the eyepiece. > 

\*he requirements for photomicrography^ 
however, are more rigorous than those 
for visual work* The eye can norrnally ^ 
compensate for varying light intensities,'' 



curvature of field and depth of field. The 
photographic plate, however, lies in one 
plane; hem^e the greatest care must be • 
used to focus sharply on the subject plane 
of interest and to Select optics to give 
-minimum.anipunts of field curvature and 
chromatic aberrations. * *~ ^ — 



With black and white film, color filters 
.may be used to enhance the contrast of 
Asome portions of the specimen whil^ mini- 
mizing chromatic aberrations of the lenses. 
In color work, however, filters cannot 
usually be use^ for this purpose and better 
optics may be .required. ^ 

Photomicrographic cameras which fit 
directly onto the microscope are availaWJe , 
in 35-mm br up to 3-1/4 X 4-1/4 inch sizes. 
Others are made which accommodate larger 
film sizes and which have tjieir own support 
independent o£the microscope.- The former, 
however, are preferred for ease of handling 
and lower cost. The latter system is pre- 
ferred for greater flexibility and versatility 
and lack of vibration. The Polaroid camera 
has -many applications in microscopy and 
can be flteed on the microscope directly but, 
because of its weight, only when the micro- 
spore has a vertically moving stage for 
^ focusing ratlFer tlfan a focusing body tube. 

B Determination of Correct Exposure 

"^Correct exposure dfeterminatidn can be* 
accomplished by tfaal and error, by, relating 
*new cohditions to previously ufeed successful 
.conditions and by photometry. 

With the trial and erYor method a series of 
trial exposures^ is made, noting the type of 
subject, illum^ination, filters, objective, 
eyfepifece, magnification, film and shutter 
%peed.^ The best Exposure is Selected. ' The 
^^Jowing parameters can be changed and 
me exposure time-adjusted accordingly: *. 

1 Magnification. Exposure time-va^i^ies 
' as the square of the mslgnlfication. 

•s. 

Example: Good exposure was obtained 
* . ' ^' .^i^^ 21 J/ljO-second exposure 
% and a hxagnification of lOO^X. - 
^* * If the* magnificat ion is now.^ 
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200^, the' correct exposure. 
.-,...,.1^ is calculated as follows:^ 

ifew exposure tim^'^'= old exposure time? 



^ snew ipagnification/ 2 
old magnificatiofi 

4/10 or^, say/ 1/2 Wcond. 



* Kodachrome H-Type A , . 

Professional is 40, * 

new exposure time = old exposure time 



^ A. S, A, of old nim 
A. 3. A. x>f new film 

10/100 or 1/10 second 



=• 1/100(400740) = 



J 



should bepiyijted, however, that the 
above cgtlculatipn cari.bo made only whfen 
there has been no cj^nge lo the illumi- 
nation system including the condenser 
or* the objective. Only changers in magni- 
fica^on due to changing eyepieces or 
"bellows extension ^distance cari^be hand- 
led tn th& abovje manner. ^ • ' * 

^Numerical aperture." Exposure tim^ ^ 
varies inversely as the sq^ar^ oflhev^ 
sma 11 e s t wor king _n ume r i 6 alf a p erTure 
of the condenser and objective. ^. • 

Example; 'Good exposure wa^^ obtaihexi 
. at l/lO^epoild wim t^i^OX^ 
■T' objective, N.A, 0.25,'%i ,'^ 
" full aperture.. With a 20^^' - 
: ! ' t objective, N»A. 0.«25, at'"^ ' 
^ ^ . . fun apertu^'e and the same ^ , 
finad tnagnificatio^j/ whsit is 
'the correct ^xpo^gjire time? 
# ' ^ * • • ^ 

new exposure time = old efrffV^ure time 

x(^^i^)2=:i/i9 
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i/40-or. 



new N. A. 
s^, ,17,50 second. 

It i^^een that more^^Iigirt reaches the 
photographic filnl^,\yjth highe!^' numeri- 
cal apertures at th^ ^a^n^imagnification^ 

Film. E:tpbsure tim^ varies inversely, 
with the Aiiherican Standard Association 
speed index of tlie film. 



Example: 



A* gotfd picture was objtaine'd 

with Edstman Tri-Xtfilnfi^at 
TAlOO second, . What is' the ^ 

dorrect ej^sure /or 

Eastman Kodachrome .IL *. . 

Type A. '^TheA.S.A, sjpeed 
Tor Tri-X i« 400 and for 



4 Other para'meters may be varied but the 
prediction of exposure time cannot be 
made readily. Experience arxi photo- ♦ 
electric devices fife the best guides to 
*fhe proper exposure. ^ , • * . 

Photoelectric devices are excellent for 
determining correct ^exposure. Since - 
Ordinary photographic exposure meter. s 
'^e not sensitive enough for photomi- 
crography, more sensitive instruments, 
having a galvanometer or electronic*. 
amplifylAg'dircuit, are required. -Some 
photosensitive cells are inserted in the * 
Body tUbe in place of the eyepiece for . . ' 
light intensity readings. This has the 
^advantage of detecting the light level at a 
point of high ii^ensity but does not takfe 
iri to account the eyepiece, tlie distance to 
the^Kulm or the filrt^speed. 

The cell may tie placed just above the eye- 
piece so that it registers Jhe total amount 
o^ light leaviij^^the eyepietre-. Agaiti, .the 
effects of film s^ed and the^rojectipn 
distaf^.<^e are no t^c counted f6'r! ■ Tfa e^plHfl — 



cipal dr&jwbOck with the total light 
measuriiig jihotomet'er'is t{ie difficulty of ^ . 
taking into account the ar^k'of field covered., 
Take, for example, a* bright field 'in ^ich , 
, ^o^l^^a few^crysta^s ^appear; perhaps 1 pel*- ^ 
cem of the light entc^ring the field, of view; is 
•scatter^,8;b3^ the crystals end the photometer' 
^ho'ws closest© a majfcimum reading/' Now 
asstime that'^v^^Qrtiiiftgj^e^ — ; 
.jax^^t-the"ntfiTi6(5r^of crj^d^ conse- ^ 

, quently,~>the 'amount of light- scattered/ ; 
The phOtonQcter r€?a ding could easily drop ^ 
by Sp jji^rcent; 7et tK& jDroper. e^posuref is 
unchanged^ Th^j^ituation is'feimtjar for 
photoTni^ograjSSiy'with cri>^sjBd polars sipce. . 
*^ the pjiotometer reading depencb oh the. - 
. intensity of iiliiThinationv *On the hire- 
• fringence andj'thickness of tlj^ .<?rystals and 
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on the number and size of the crystals in' 
the field or, alternativerly, on the area of 
the field covered by birefringent crystals. 
One of the best solution^ to this problem 
is to measu're tHe photometer reading with 
no preparation on, the stage. A first-order 
red compensator or.^tqirartz wedge is in- 
serted when cros^^^olars are being used 
to^ rlluininate^the entire field." • 



same film oind projection 
distance) and that the new 
meter reading is 16; therefore: 

exposure time = k/meter 
reading = 8/ 16 = 1/2 second. ' * 



,V MICROMETRY 



An alternative i^to place the cell on the 
grounds glass ^nere the film will be 
located. Hjowever, although all variables 
except fidm speed are now taken into 
accoui^t, measurements in the image plane 
have the disadvantage of requiring a more 
sen^itjve electronic photoelectric apparatus. 

No matter what-m^thod is used for placing' 
th^ photocell, the exposure time can |g 
determined by the general formula: ^ 

exposure time ■= 



meter reading 



The constant k wi^l depend on the physical 
arrang^ijagnt and film used.; To dejtermipe/ 
k for any 'Articular system, first set up 
the microscq[ie to 'take a picture.* Record 
the meter reading an(i take a series of 
trial exposures. Pick out the best exposure 

. anj3 calculate k. Then the k which was 

^determined holds as long' as no change is 
madp in\fi^ flght path b^^ohd the photocell^— 
e. g.* cheHigiiig to a faster film or changing 

^ the projection aistancQ*; thus tlie. objective, 
condenser position or illuminator may be 

^ changed without affecting-k if the cell is 

l^iUsed as described above. 



Example; 



— 



With one particular arrange- 

n^ent of photocell and j^llmj^ 

— tfeTHHt^in^HIng is found to 
be 40. A* series of photographs 
are|aken,at 1/2, 1/5, 1/10, 
: li2^ and 1/50 second. The. ^ 
*phptofnicrogra^li taken at 1/5 " 
, second is judged to Ue the best; 
' ^,hence k is calculaie3 as follows: 

k'^'meter reading X exposure 
time « 40X l/5^»= 8. ' ^ 

A^sume>^noW that a new picture 
' , .is to be taken at^anot^ier 
magnification (64it withfthe 



A Particle Size Determination * 

0 

Linear distances and areas can be 
measured with the microscope. This 
permits determination 6f particle size 
and (quantitative analysis of physical 
mixtures. The usual unit of Jength for . 
microscopical measurements is the micron 
(1 X 10-3nim or about 4 X 10-5inc!iy. 
Measuring particle^ in electron microscopy 
requires an even smaller imit^ the milli- 
micron (1 X 10"3 jjiicron or 10 Angstrom 
units). Table 6 sh'owS the approximate 
average size of a few common airborne , 
* materials.*'" 



Table 6. APPROXIMATE PARTICLE SIZE OF 



SEVERAL COMMON PART.ICULATTES 



Ragweed pollen 

Fog droplets 

Power- plant flyash 
(after precipitators) 

Tobacco smoke 
Foundry fumeg 



25 microns r 
20 microns ' 
2-5 microns 



0. 2 micron 
(200<^illimicrons) 

0. 1 J- 1 micxon — 

(itJlPTOOO millirnicrons) 



The practical lower limjt of acGiir^te" 
particle size measurement with the Ijght^ 
microscope is about 0. 5^ micron'. The 
measurement of a particle >smaller than^ 
this with the light niicr'dscopfe leads to , 
errors vi^hich, under the best'circam-. ^ 
staincefs, increase to about + 100 percent 
.(uBUiilly +), ; . ' ^ 

One of thcprincipal'uses of^^iigh respiting 
power is in the precise measurement o{ 
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particle size. TKere are, however, a 
variety of approximate fend useful proce- 
dures- as well. 

1 Methckl^ of particjle size' measurement 

a Knowing {be magnification of the 
miclroscope (product ot the magni- 
fication of objective and ej^piece), 
the size of tparticies-can be esti- ^ - 
mated. For example, with a 1 OX 
/ " eyepiece-ahd a 16-mm (or lOX)' 
objectiv^i, Uie total magnification 
Is lOOX. A particle that appears to 
be 10- mm at 10 inches from the eye 
has an actuaKsize of AO mm divKied 
by 100 or 0. 10 mm or 100 microns. 
This is in no sense an accurate 
method, but it does permit quick 
estimation of particle size; the error 
in this estimation is usually 10-25 
percent* 

b' Anpthier approxi^pp^te method is also 
based on the use of known datar. If' " 
we know approximately the diameter 
of the microscope field, we can 
C estimate the percentage of the 
diameter occupied by the object to 
be measured and calcfilate from . . 
these figures the approximate size 
4^pf the object. The size of the micro- 
scope field depends on both the objec- 
"tive and the ocular although the latter 
is. a minor iiifluence, I] he size of 
the field should be determined with 
a millimeter sc.ale for each objective 
^nd ocular. If this is done, esrti- 
rna t ion ^►Lsizes-by -<iOinpar ison w ith 
entire field diameter can* be quits 
, accurate (5-10%). 

c The movement of a graduated mechan- 
ical stage can also be used for rougl) 
measurement of diameters of large^ 
*^rticles. Stages are usually gradiV 
a^ (witii vernier) td'read to 0. 1 
miUVmeter^ or 100 mlcrons» In 
>,practfc§,* the leading 'edge of the^ 
particle^is brought \o one of the lines 
of the cross hair in thf eyepiece and 
\ a^reading is ti|^^ bf the ^^tsLge^'position. 

Then i]^ pcurticle is m^l^d across the 
% fieid^by moving th6 mi^hanlicikl Iftagfe 
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in an appropriate direction until the 
second trailing edge just touches the 
cross-hair line. »A second reading is 
taken and the difference in the two* 
readings is the distance mov^d-or^ ^e 
size of the particie. This method is. 
especially useful when the particle 
is larger than the field, or when the 
optics give a distorted image near thp 
edge of the field. * 

The above method can be extended to 
projection or photography. The image 
.of th(j particles can be projected on a 
screen with a suitable light source or 
they m^y be photographed. The final 
magnification, M, on the projection 
surface (or film plane) is given approxi- 
mately' by 

M = D X O, M. X E. M. /as 



where O. 



M. 
M. 
D 



= objective magnificaMon 
= ^eyepiece magnification 
= projection distance^ 

from 'the eyepiece^in 

Centimeters. 



The image detail can then be measured^ 
in centimeters and the actual size QOm;:j 
puted by djviding by M. This mgjtho^ 
is^usu^Uy accurate^ to within 2-5 percerit 
depending on the size range of the detail 
measured. • 

Xhe stated magnifications and/ or focal 
lengths of the microscoJ)e_pptics-ar€- 



--nominai and vaf^lTbiJ frorp objective'^ 
to objective or eyepiece to eyepiece. 
To obtain accurate measurements, .a 
stage micrometer is used to calibrate . 
each combination of eyepiece anth 
objective. Th\ stage micrometer is 

'a glass microscope slide that.has, * 
accurately engraved in the center, a 
spale, usually 2 millimeters*long, 

t divided into 200 parts, feach part repre- 
senting 0.01 millimeter. Thus 'when . 
this* scale is observed, projected or 

^^photbgrap*hed, fhe exact.image magni-* 
fication can be'de'termined. For \ 
example, if 5 spaces of the^stagp micro- 
meter measure 6 millimeters when ' *^ 
projected, the*actual magnification is * 

4 
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6 



5 (0. 01) 



= 120 times. 



This magnification figur.e canjDe 
used to improve the accuracy of 
method 4 above. 



f* The simplc3t proTfedure and the most 
accurate is basod. on the use of a 

^ ^ micri)mate,r ^eyepiece. Since the 
eyepiece, magnifies a real image 
from the objective, it is possible 
to place a transparent scale in the 
same plane as the image from the 
objective shd thus have a scale i 
superimposed over the image. This 
is done by first pltfcipg an eyepiece 
micrometer scale disc in the eyepiece. 
The eyepiece microfmeter has an 
arbitrary scale and must be cali- 
* brated with each objective used. The 
sijKiplest way to do thisas to place . 
the stage micrometer ^n the s^ge 
and note a convenient whole number 
of eyepiec4 micro n^ter divisions., : 
The value in •microns fol: each eye- 
piece micrometer division is then 
easily c'^ohiputed. When the stage , 
micrometer is removed and replaced 
by the specimen; the superimposed^ 
eyepiece scale can be used for accu- 
rate measurement of any feature in 
the specicapn by dire'ct observation, 
photograph or projection. ^ 

f ' > . < ' * ' 

Calibration of eyepiece micromet^ . 

Each micrometer 'stage ^cale has " 
^divisions lOOu (0. 1 »mm) apart; qhe 
or two^of these are usually subdivided 
into '10\i, (0. 01-mm) diyi^ns. Tttese 
form the standard against which the 
arbitrary divisions in the micrometer 
eyepiejce are to be calibrate. Each 
objective must be calibrated-separately 
by noting the correspondence betv(een . 
the stage scale and ^e eyepiece scale. 
Starting witii the lowest power pbjective 
focus- on tiie stage ^scale, arrangeJfthe 
two. scales parallel and in good^OQUs. 
It should be possible to determine the 
number of eyepiece 4ivisions exactly 
^equal to sonie whole number of 
divisibns of the stage scale, a distance « 
readily esq^ressed in' microns. 



The calibration consists, then, of 
calculating, the number of microns per 
eyepiece scale division. To make the 
comparison as accurate as possible, a 
large part of each scale must be used 
(see Figure 17). Let's assume that 
with the low powei^ 16- mm objective, ^ 
6 large divisions of the stage scale 
(s. m. d. )^re equal to 38'divisions of 
the .eyepiece scale. This means that , 
38 eyepiece micrometer divisions (e.m. d.*) 
are equivalent to 600 microns. Hence: 

1 e. m. d. = 600/38 
= 15.8u. 




* ' figure 17 

COMPARISON OP STAGfi MICROMETER 
SCALE ^ITH EYEPIECE MICROMETER SCALE 

*Thus When that micrometer eyepiece 
is used, with that 16-nim objective each 
division of the ey6piece scale is equivalent 
to 15. 8^1, and it can be used to malce^aij, 
accurate measurement of any object on • 

* the microscope stage, A partible, for 
example, observed with the 16-mm objec- 
tive and meaaruring 8. 5 ^ivi^ions cfn the 

. eyepiece scale is 8. 5 (15. 8) or 135u in 

diameter.. ; '/ 

* - . * • ' 

Each objective on yoiyr microscope jnust 



be calibrated in 



^is 



manner. 



A convenient way to record.the necessary, 
data- and tct calculate ^i/emd is b^. means 
. of a table. 
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Objective 


No. 
lib. 


smd = _ K " \^'^ 
emd^ no. emd\ 1 emd . 


• 3^2- mm 


18 


* . _ , 
= 44. 1800 = 44 40. 9^ 


16- mm 


6 


= 38 600 = 38 15. 8u^ 


4 -mm 


r 


= 30 100 = 30 3. 33^ 



G 



The more paf ticlfes counted, the more 
accurate will be the average particle 
size. Platehk« and necdlelike particles 
should have a correction* factor applied 
to account for the third dimension since 
all such particles are restricted in their 
orientation on th^ n^croscopc slide. 
When particle si^fe is reportc^ti, the 
general shape of the particles as well as 
ihe metKodnased'to "determine the ^ 
"diameter" should be noted. 



3 Determmation of particle size 
.distribution ' , 

The measurement of parti<:le size can 
vary in complexity de|jending on parti- 
cle shape'. TWe stze of a sphere ma^ 

denoted by j^fiSS^HSiSi^ 

cube may be 'expressed by thi?^ngfFi 
\^ edge or diagonal. Be^emd these two 

configuratio/is, the pac^^cle "size" must 
, include injormation' sipout the shape of 

the particle in questifon, awd the 

expression'^ofathis snape .takes a more 

complicated form. 

Martin's diameter is the simplest means 
of measuring and expressing the dia- 
meters of irregular particles and is • 
suffictaatly accurate wMn averaged for 
a large nuYnbdr of particles. In this 
method? the horizontal or east-west 
dimension of each papucle which^.divides 
the projected^area into halves-is taken as 
Martin's diameter (Figure 18)t 
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Figure 18 
MARTIN'S DIAMETER 



Particle size distribution is determined 
routinely by moving a preparation of 
particles past an eyepiece micrometer 
scale in such a way that their Martin's 
^diametor'can be tallied. All particles 
whose centtTs fall within two fixed 
divisions on th6 scale are tallied. Move- 
ment of the preparation is usually 
accomplished by means of a mechanical 
stage but may be carried out .by rotation 
of an off-center rotating* stage. A sample 
tabulation appears fn Table 8. The eye- 
piece and objectiv^re tihosen so'that 
at least'six, but not more than twelve, 
size classes are required and sufficient 
particles are counted to giv^ a smooth 
curve. Tfie actual numb'er tallied (^00 - 
2, 000) depends on particle shape *• 
tegiilai^ity and the' range of sizes. The 
sirze tallied fqr each particle is that 
number of eyepiece micrometer divisions 
most closely approximating Martin's 
diameter for that particle. 

Calculation of. size averages 

The siz^ data may" be treated in a variety 
of ways; one simple, straightforward 
treatment .is shown in Table 9. For a * 
more complete discussion of the treat- 
ment of particle size data see Chamot 
• and Mason »s Handbook of Chemical , 
NXicroscopy (^\ page 26. 

Thpe averages with respfintJ^p-Tiujtiber, 
dj; surface, d3; and weight or volume, 
d4, are calculated as follows for the 
data in Table 9. . " ' - 
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Tabl«l. PARTICLE SIZE TALLY FOR A SAMPLE OP STARCa QlUmS 
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rn'd/Zn = 1758/470 • , . 

3. 74 emd X 2. 82* r 5ji 

Snd^/ Snd^ = 37440/7662 

4. 89 emdX 2. 82 = 13. 8ji 



da = Snd'^/SndS = * 199194V37440 

= 5. 32 emdX 2. S2 = 15. 0^ 

*2;82 microns per emd 
(ddtermine^ by* calibration of the 
,eyepiece-objectiv,e combination 
used for the determination). 

Cumulative percents by number, 
surface and weight (or vblume) may be 
plotted from the data in Table 9. The 
calculated percentages, e.g. * * 




nd^ X 100 



for the" cumulative'^wei^ht or volume 
curve, are plotted against d. Finally, 
•the* specific surface, S^, in square 
meters per gram« m, may^be calculated 
if the dens^ty, D» is known; the surface 
average 1^3, is used. 



IfD«"l.l, 



6/d3D= 6/13. 8(1.1) 
' = 0, 395m2/g. ^ 



/ 



Table 9. CALCULATIONS FOR PARTICLE SIZE AVERAGE 



d 












(Aver. diam. 
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nd2 


nd3 
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16 


16 - 


16 


16 


16 
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98 


196 


392 


784 
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2970 
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7. 
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270 
147 


16?0* 
1029 


7203. 


, 58320 
5042; 
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16 


128 


1024 


8192 




• 470 • 


1758 


7662 


^ 37440" 


199194'. 



B Counting Analysis 

Mixtures of paHiculates can often be 
quantitatively an^^yzied by counting the 
total niimber of particulates from each . 

* component in a re^res^entative sample; 
.The calculations are/ however, compli- 
cated by three factors: average particle 

♦ size, particle shape and the density 

of th^ componlnts-r If all of thfe compon- 
. ents we're equivalent in particle size, 
. shape and, density then the weight.per- 
centage would-be identical to tbe number 
percentage. Usually, however, it is 
necessary to determine correctioi> factors 
, to account for the differences. 

When pi;operly applied, this method cart 
be~accurate to within + 1 percent and, 
in special ca^es, even better. It is often 
applied to the analysis of "fiber" mixtures 
and is then Ofiually called a dpt-count 
because the taHy of fibers is kept a&^the 
preparation is r^pved past a point bjr dot 
in the e^piece. 

A variety of methods ckn be u^ed to 
simplify recognition of the different 
~^l3mponent3.— T^ese^ihclude^he^ 

stains**Jor dyes and enhancement ofloiptic^l- 
differences such as refractive indices, 
dispersion or 4olor. Often, however, one 
« relies. ^09. the differences, in morphology^ r 



J e..g. < counting the percent of rayon fibers 
ip a sample of "silk*'. 

Example iT'A dot- count of. a mixture pi 
* fiberglass axKl nylon shows: 

■ ^ \ ^ nylon \ 262 
' fiberglass . 168 * 

Therefore: * ^ 

% nylon = 262/(2^ + 166) X 100 
• ' = 60. 9% by number. 

-However, although both fibers are smooth 
cylinders, they do have different detisities 
and usually dlfferejj^t diat)^eters. To 
correct for diameter one must measure. - . . 
the average diameter of each type of fib^r 
and calcula teethe volume of a unit lengtt^ 
of' ea^h; . * 

aver. diam. ' volume of 
1-jii slice, 



nylon 
^ fiberglass 



I8.-5 
13.2 



268 
117 



^he percent by volume is, then: / ■ 

^ ^ '^y^^" : X262 X 268MlT8XU7) ^ 

«^ 7871% by^olurne. _ 

Still we must take into account the density of 
each in order ta calculate the weight percent. 
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If the densities are 4. 6 for nylon and 2. 2 
*for glass then the percent by weight is: ^ 

262 X 2GBX''l.G. 



% nylon = 



V(^62'X 268 X^l.t{)+(lfi8 >9117 X 2.2) 



X 100 



72% by weight, 

ExamplK2: A count of quartz and 
• * ' gypsum- shows: 



i 



qdartz 
gypsum. 



'283 
467 



To calculate the^ pi^^rcent by weight wc must 
take into account the average particle size* 
the shape and the-^nsity'of .each: 

r ^ 

The average particle size with respect to 
weight, d^r must be n^easured for each 
and the shape factor must be determined. 
Since gypsum is more platelike than quartz 
each particle of gypsuni is thinner. The 
shape factor can be approximated or can be 
roughly calculated by nieasuring the actual^ 
thickness of a number of particles. We 
mi^t fitfd, for ex3kyxple, that gypsum parti- 
cles average 80% of the voli^me of the aver- 
" age^quartz particle; this is our shape factor^ 
The final equation for the weight percent is: 



% quartz. = 



283 X iTd4/6 X Dq 



238 X iTd4/6X Dq.+ 467 X ir d|/6 X 0. 80 X.Dg 



X 100 



where Dq aixi Dg are the densities of quartz 
and gypsum respfectivelyr^; 80 is the shape, 
-'factor and and d^. are the average parti- 
. cle sizes witii respect to weight for quartz 
and^gypsum respectively, . 
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S/TRUCTURE AND FUNCTION OF CELLS 



I INTRO©yCTION - 

What are cells? " Cells may. be defined as the 
basic structural units of life. The ceU Has 
many different parts which 'carry on the ' 
various fuhctions of cell life. „ These ar^e 
called organelles ("Httle organs"). ' . 

A The branch of biology which deals with the 
form aftd strjicture of plants and animals 
is caUed "MoiTphology. " The study of the 
arrangement of their several parts is 
called "anatomy", and the study pf ceUs 

, called "cytology".. . 



B 



1 



-> __ 



There is no "typical" cell, for ceils\differ 
from , each* other in detail, and these . 
differences are in part responsible for the 
variety of life that exists on the earth. 



n FUNnA]V^NTAl;S OF CELL STRUCTURE 

A How* do. we recognize a structure as a cell? 

We must look for certain ch)aracterist4e&.™ 
* and/ or ^Iructures which have been fovind 
to occur itx .cells. The cell is composed^ 
; of a ^variety of substances and structures, 
some of which result from cellular 
' activities* These include both, living and 
non-living materials. . 

. r Non-living components include: 

« 

a A "cell Wall" composejd of cellulose 
^ may be found as the outermost 
covering of many plant cells. 



bt "Vacuoles" are chainbers inutile 

protoplaSni- which contain fluids of / 
different densities (i.e., ^different 

from the surrounding protoplasm)^ 

>' ^ 

The "living" -partj^ of the ceU are^ called 
"protoplasm. ", Thp following structures 
are inqluded: * • . ^ 

a. A thin "ceU rhembi*ane" is located 

This* 



just inside the ^ell waU. 
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membrane may be thought of as the ^ 
outermost layer -of protoplasm, 

^b In plant cells the most-copspicuous 

protoplasmic structures are, the . ♦ 
- "chloroplasts", which contain- - 
highly organized memb^fihe systems 
bearing the, pTioto synthetic pigments ^ 
, (chlorophylls, carotenoids, and ' 
xanthophylls) and enzymes. 

c The "nucleus" is a spherical body 
which" regulates cell function by 
controlling enzyme synthesis. 

d "Granules "*aj^ structures of small 
size and'ma(y be "living" or • 
non -livingy mat erial. 

e' "Flagellar are whip-like structures 
'found in botli plant and animal gells. 
Th^ flagella are used for locomotion, 
or to circulate the surrounding - . * 
medium. 

f "Cilia" r^sembl^ short flagella, found 
'almost exclusively' on animal cells. 
In the lower animals, fcllia are usea 
foryJbcomotion and food gathering, 

/ - ' . \ 

g The "pseudopod", or' false foot, is 

an extension of the protoplasm of ^ 

certain protozoa, in which the 

colloidal state of the protoplasm 

alternates from a "sol^* to a "jel" 

condition from time to time to 

facilitate cell movement. 

h "Ribosomes" are 'protoplasmic bodies 
which are the sit6 of protein \ ' « 
*" synthesis. They are too small 
(150 A in diameter)^to be seen with 
a light microscope. ' ' . 

i "Mitochondria" are smaH memr 
branous structures contaiijing 
• enzymes that oxidize food to produce^ 
^liergy' transfer cbmppunds (ATP).' 
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B How basic strifctuf e is expressed in some 
major types of organisms, ' ; ' 

We ca6 better visiialize the variety 6f cell 
stnicture by considering several spedlfip 

cells', ' ' ' 

y » . ' ♦ 

, 1 Bacteria have fevrprg^nelles; and are 
\ " - so minute that tinder the light' ' , 

, nlicrosc6pe only general morphological 
• tyges (i^e,, the three basic shapes; 
rods, spheres^ amd spirals) can be 
re cognized J The foilowing structures 
have been defined: ' ' , 

/ ' a The "capsule a thirk protective 

cover^rig^of the cell e5t.terior, con- • " 
. ' " * ' sisting of |)6l3^sacchaHcJe or 
^ - polypeptide. ^ ; 

b The (iell waH and plasma membrane ' . 
are present, . ® 

c Although no well-defined nucleus is 
' visible in bacterial cells, tiie 
electron microscope has revealed 
, ' areas pf 'deoxyribos'e nucleic acid 
r .r/*' (DpTA)- concentration/ This sub- 
stance is present within ^the nucleus of 
of higher cell§, and i^,\he genetic 
or hereditary mater^ial; , ' 




, ' d Some types -of j3ac^ria)bont^in k 
special type of chlorophyll 
V . (bacteriochlorophyH) and carry on 
/ ]^otosyntnesis,r* 

^^Jpff^ue-green aigae are similar to the 
, bacteria in structure^ bilt contain the 
, photosyrithgtic pigment chlorophyjl a. 

^ a */lil$e the bacteria, these forms also 
/lack. an organized nucleus (the 
riUclear region is not bounded by a 
merfibrane). ^ - 
A* . ' > • , 

chloi^ophyllnbearinjg membranes 
aj^e not localized in distinct .bodies 
(chloroplasts), but are dispersed 
throu^out the. cell. . . ^ - 

pas-filled structures called 
"pseiidovacuoles" are fotind In^sbm.e 
type ^ of blue - gr e en sV 



Thjg green algae as a group include a* 
great vari^y of structural types, * o 
.raging from single -celled ndn-^motile 
forms to large motile colonies. Some, 
types are large enough to resemble 
higher aquatic plants. . * * 

a, 'Kie*chlo'roplasts.are''modified it\^o- 
a variety ofT shapes and Tare lofcift^d 
in different positions* Elxamples 
of dhloroplast shape and position,are 



1) I^arietal - iocated-orrttre 

periphery of the cell; usually . 
pup-shaped and may extend 
con^pletely around the inner 
surface of the plasma membranfe. 

2) Discoid - also located on the 
periphery of the cell, bufc; are • 
plate-shaped; usually many per 
ceU; ' 

' ^ - - ' 

' «3) Axial - lying in the centra^l axis- 
of the cell; may be ribbon-like 
pr star^shaped. . / 

^ 4) Radial - havs-arms or processes 
that expend outw^a?ti from the 
^ /-center of the cell (radiate), - 
• ^ reaching the plasma m^bVane. , 

5) Reticulate - a inesh-like network 
that extends throughout volume 
of the cell, 

« 

b Located in the chloroplasts may be 
dense, proteinaceous, st^irch^ 
forming bodies called '*pyrenoids", 

4 The flagellated alg^e ppssess o*ne-to- 
eight flagella pe*r' cell.. The chloro- 

' plasts may contain bro.wn and/ or re'd 
^ pigments in addition to chlorophyll, 

' ^ 

* a Reserve food may b*e Stored as 

starch (Chlamydpmonas ) paramylon • 
' (Euglena), or as oil. ^ 

5 The pr^ozo§. are single-celled 
aiiimals wh^'feh exhibit a ^variety of ' 
cell structure. . . * 
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a The amoebae move.by means of 
pseudopodia, as described 
previously. 



b The flagellated protozoa 
^ (Mastigophora) possess one or more 
' " fiageila.' " ^^ . ' ^ 

p The cyiatGS are the fnost highly ^ 
- ;ftiodified'prQjtozo*ans. The eilia may 
' be more or less evenly distributed 
•/over 'the entire sui:face of the cell, " 
or maybe* localized. ' * 



m ^FtpCTIONS OF CELLS 

What are the functions of cells and their 
stjructural com*f)onents? Cellular function, 
is called "life'^ and 'life is difficulty define. 
JLife'.is characterized 1)y pirpc^sses commonly 
referred to^s reprbduction, growth, phota- * * 
synth^^is, etc. 

*A MicrjJbrganisms living in surfice waters 
, are subjected to Constant fluctuations in . 
the pjiysical and chemical characteristic ^ 
jDf the envf rpnrii%it, and must constantly 
■ %i6dify*their agtivities. • ^ * , ^ • 

,The cell requireys*^ sourcfe of chemical, 
^ " eriei^gy to.<:arry on life*-pr6cei^es and 

successfully^oompete with other-, ^ ' ^ 
. * organisms, f lant cells mgty ^obtain . ' , 
^. ^ thi^ energy from light, .which is- . 

absorbed by chlorbpl^Jl and converted 
/ « \ into ATP or food reserves, 'oV frbm ' \ * 

the pxidation of food stjiffs. Animal 

• cells "obtain energy on^ from th.e •* ' 
^ oxidation of'^foodl - « * ' 

* 21/CeJlamust obtain, raw«jri^eitiads from 
- / the '^enviroQijient inlordef' t6 gr^ow'land 

3 cariVout pther.life^Nfunctit)nst InorgaAic^ 
^ and'orgariic*«nateHals may b^ takeif 'up 
] \ f by f>assive dffftisioh or by **active\ / 

* transport". Iii^the later pro9ess, ° \ . 
^ energy is us^d tbj^ujld vp and maintain, * 
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a hi^er cohCentration of a substance 
(such a^ phospha^te) utside the cell than 
is found outside. Algae are able to 
synthesis brganig matter from inorganic 
rawjna^rials (carbon dio^cide and • , 
water), with the aid of energy derived 
from light, ' wher^sfs animal cells must 
obtain their organic matter.^"ready- . 
made" by consuming other organisms, 
organic debris, ^ or dissolved organics. 



IV SUMMARY * . . , 

The cell is made up of many hi'ghly. special^ 
ized substinictures. The types of^ub^^ 
structures present, and t^ie^ appearance 
(shape, ^ color, etc, ) are very important in 
understanding^the role of the organisifi in 
the aquatic C9mmunity^ and in classification. 
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BACTERIA AND PRO'liOZOA 
AS TOXICOLOGICAL INDICATORS 



I INTRODUCTION 

The.-WIN0Gf^i^D3KY QOLU&VIN an excenent 
simple classroom experiment as wfelPis a 
miniature-ecosystem wfiich yields a variety 
of photo synthetic arid other protista especially 
the bacterial forms impoj:tant in photosynthesis" 
research. These- phot osynthetic bacteria, as 
pointed out by Dr. Hutn^r, are ubiquitous in • 
\yet soils and natural waters but ordinarily 
.escape notice. ^ 



n PREPARING THE COLUMN 

The materials needed aare simple laboratory . 
^ items. \ ' 

A The'inofculpm ia ba^ck sludge) 'rnay be^ 
easily obtauied^^rom a locatl sewage 
treatment pl^nt or the bottom of a pond 
o'^ lake. Because the USPHS document, 
vcofitairiing Dr. Hutner^s Ijaper, is out of 
•» print^it is reproducddjiere. 

'B Directidas for pi:ep^rlng tl^e cofunfn^and 
other useful information are given in that^ 
paper. » ^ • * 

'■^ ft 

^^^r. Hutner's bijpiiography should be 
^ • sufficient fijr thpse^ w^Q wi;gli' mgre . 
, liiformatiori. • ^' ^ 



m ECOSYSTEM DEVELOPMENT 

A JFactors "SUch as the substrate used, the 
inoculum, the ^overlying supernatant wajei:, 
«and laboraforx condi1i(jns as tempferatwe . 
\ -v...^nd Ught; ,willan;iijflu©!rfee"tlfe particuj^f * 
type of biot& forfoirig; successive payers ^ . 
or zones* * The^ccJompsuiying figure is 
th^reforejgeneralized^and is not iritended*'' 
. to be absolutW^. * \ ^ - . • ' 

^ B Some representative forms are listed for-' 
- .'general information. The nimibers ' 
correspond to those ?on the figure; 



\ Inorganic substrate on toweling*;:: 
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2 ^ Green photosynthetic bacteria 

* Micyochloris , Chlorobium , and 

Chlorochromatixm ; methane bacteria; 

and SO. reducers. * , ^ , 

4 

^3 Photosynthetic purple sulfur bacteria. 
Thio^jedia and Thiosarcina. j 

4 Filamentous sulfur bacteria. 



Beggiatoa. 
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5' Nop-sulfur photosynthetic bacterid, 
^ , Rho dopseudomonas . 

. 6 Blue- gre^n algae, Schizothrix and 

OsciUatoria, , . .-^ ^ 

7 Diatoms, Nit^schia. 

8 Coccoid green algae, Ankj/trodesmus ; 
and flagellate greens, Chlamydomonas l 

, similar to' a* stabilization *pond flora ^ 

9 Filamentous green algae, Ulothrix. ' ; 

' C Besid_es the photosynthetic bacteria and* 
' other«proti^ta there will be a variety of 
protozoa found in the a^obic levels 
(dpp. 6 through,9). Many (;>f^ these ' . 

- protozoans are typical fauna of activated 
sludge. 

D The possibilities are endless* for further 
^ experimentation. These ecosystems are ^ 
also cony anient* and inexpensive sources ^ 

- for protozoa and otljer*t)r6tlsta for class ^ 
, arid laboratqry instruction. ^' * ' 

. I. 

' IV_ MICRjb^AQUARIA - > 

^ , 1 — * — • ^ ^ ^ i ' 

A Fenchel describes a micr^olRluarium ^ - , 
' (1. 5 X5_gm) which may be observed under 
" axompound^microscope. (Figure 2K ♦ 

'B'^ Tfie development of communities of 
' organisms i^quit^ similar ^to the 
Winogradsky Column. .^Figure 3^ \ 
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-\ Bacteria -and iProtozoa as Toxicological In^^tors ^ 



* C The basic media consists of one liter of 
*^ natural water 10' g CaSO^, 1^ g glucose, 
1 g of peptone^vitutoclaved and stored at 

• ♦ • ^ 

'"^^^ Before Use agar is boiled with the medi^. 
While hotr the media is introduced into 
^ one end of the "micrd aquarium" with a 
. .pipet, .After, th^ agar congeals, natural 
" \ * ~ water samples are added. During^ 

* incubation and when not bfeing observed, 
the- micro aquaria are keptjn a moist 
thamber^ 



Burbanck, W.D. and Spoon, D.M. 

The Use of Sessile Ciliates Collected 
in Plastic Petri Dishes for Rapid 
Assessment of Water Pollution. 
Jour, of Protozoology. 14(4):739-744. 
1967. 

Curds, C^. and Cocld^urn, A. 

Protozoa in Biological Sewage Treat- 
. ^lent Processes. I. A Survey of the 

Protozoan Fauna of British Percolating 
. Filters^and Activated Sludge Plants. 

Water Research 4:225-236. 1970. 



' E Although Fenchel used a seawater medium 
and inoculum, freshwater sources would 
be equally useful. 

F In these microaquariA simple ecosystems 
develop ^when they are kept in complete 
' darkness. Complex photo synthetic 
commimities develop, when they are 
illuminated,* A natural ecosystem is 
figiired by Fencbel (Figure 4), afia a 
related food web is shown in Figure. 5 
(both from Fenchel). 

G Microaquaria Using Plastic PetH Dishes 

Sessile ciliates have been successfully 
collected, ouAured, and Used for bioassay 
''usiiTLg tlje'same petrt dish (membrane filter 
»• type, with tight fitting iids). K 



H- Mici*os^uaHa ,usin^^sili^j^e.cemen€ rings 

^iVhibh^allow^'aiffusion of gases thtou^ tlie 

' gilj.coi^e*ciQWi5es .w:3ijther^by,r.em^in J.* 

active indeiinifely. , v * 1 , 
I * * r * ♦ * * i r 

ApPmONAL REFERBNCES i 

r Hutner, S.H. -Protozoa as* Toxicok)§ical 
Toofsi The Joitf* of Protozoology.. 
lin):l-6.' .1964. ; ' " ' 



Cur'ds, C.R. and Cockburn, A. 
II. Protozoa as Indicators in th^ 
Activated Sludge Process. Water 
Research 4:237-249. 1970. 
* 

Curds, C.R. An Illustrated Key to the 
British Fres^hwater Ciliated Protozoa 
Commonly Found in Activated Sludge. 
Water Poll. Research Laboratory. 
' Stevenage, England. 90 pp. 

Fenchel. Tqm. The Ecology of'Marine" 
MicrobenthofiP".' IV. Structure and * 
V ijjB^tion'of the Benthic E^osj^tem, ' * 
its, Chemical and Phj/sical Factoi;*s 
and the^Micrpfauna Communities with 
Special Reference to the Ciliated 
Protozoa* Opfhe^ka 6:1-182. 1969.* 



-8 .Hutner/. S/H.. Botaiiical Gar3e^ns and 

;j * Horizons in Aigai*Rese^arcl>. In Challenge 
*for Survival. Pierre iSansefeau *ed. 



2 Spoon{ D.M. a^d;QuV))ancki,W*Dr 

A New Method Jgr Collecting Sessile 
Ciliates iij Plastic Petri Dishes with 
Tight -^'itting yds. Jour, of . * 
Protozoology ,i4C»l):7.35-73d. 1967/ 



10 
» * 



V Columbia University Press. - 19?0. 

Hutnsr, S.*H. ; Baker, H.^;^'d CoJi, D., ' * , , 
NufritioH and Metabolism* in Protozoa.^ ^ . 
Cha'pter in g icqogy of Nutrition, 'ppf 85-177. 
^dited by RvN. Fieif^eju Pprgan^on.'^ress.** . ' 

- 197.2. ^ ^ '.^ : v;-^: %K 

- - ^ ti^ y \ .V* 
*Hutnei^. S. H. The ^Urbart,Bottinicar Gaf^ei?' " ' 

\ . mi Aca(Je(i>^jf,wlfldlife/J\5ese*^^ , Garden /^"^ 
JtB^n. _l^>|37.-40: 1^69. ^ ^ 



This^utline\wad prepared by Ralph li. Sinclair, 
-^quatio, BJlologist, National Training Center, . 
.Water Programs Operations, EPA, Cincinnati, 
Ori 45268. 
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Bacteria and Protozoa as Toxi'colQgical Lidicators 
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Bacteria and Protozoa ab Taxicolo^gical Indicators' 




FIQURE 2 



A micro acjuatfium fitted with electrodes and the redox conditions through 17 days. 



V 



FIGURE 3i 



1 - 
Drawing made by tracing a micrograptf of the bacterial plate in a micro aquarium 
» (same experiment as shojvn \)n Figure «. ) Most conspicuous are the filaments of 
Beggiatoa and th§ ciliates (I^clidiuYn citriiUus , Euplotes elegans and Holosticha 
fip.- B&low the Oscillatoria filan;ent (lower left) a Plagiopogon loricatus is seen. 
^6aLpteria (except Beggiatoa) 'ar.e not shown. 
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300 y 

FIGURE 4 



The microflora and fauna in the surface of the Beggiatoa patches. ( Oscillatoria , 
Beggiatpa, Thiovolum, diatoms, euglenoids, nematode, Tracheloraphis sp., 
Frontonia marina , Diophrys scutum , Trochiloides recta ). ^ 




ENVIRONMENTAL REQUIREMENTS OF FRESH- WATER INVERTEBRATES 

L. A. Chambers, ^Chairman ; 

BacteriarProtozoa Toxicological Indicators in Purifying Water 

+ 

^ S. H. Hutner,/Herman Baker, Aaronson and A. C. Zahalsky 




There is a cynical aJage that all travelers 
become entomologi/ts» But, now with DDT 
and detergents, tmvelers and stayat-homes 

- alike are becoming toxicologists. We have 
an immediate interest in pollution problems: 

^Our laboratoi'y receiVes, like th'e East Riyer 
and adjoining Uni,ted Nations buildings, a 
generous sootrall from a i^earby power plant. 
Also, we have' seen a superb fishing ground, 
Jamaica Bay in New York City, become a 
sewer. (Jahiaica Bay is, however, being 
restored to its pristine cleai)lines§--but not 
the U.N,r,a'rea*. )' We take our^theme 

nevertheless not frort), aesthetics but from 
statemeirt/s by Berger (1961): U) It is ai;i 
expensive^ time-consuming project". . .t 
predict with confidence -a"" new wasters 
probable impact on certain ^important down 
stream water uses. " And (2) "The 
toxicological.phas^sOf study is jj^rhaps 
its iriosf perplexing aspect) The specialized 
services^ and cost necessary for determining 
the effect of repeated '^Lxposure to low con- 
centrations of tile waste for^long periods of - 
time would inevitably place this job out of* 
reach of most public^agencies. Equally 
discouraging, perhaps, is the probability 
that tlie, toxicological study may take as long' 
as two years* 

As described here, advances in niicrobiology 
offer Hopes, of lightening this burden. The . 
f.irst question la: What kind of microcosm 
will' serve* for toxicological surveys, especially 
for 'predicting tile poisoning of biological means 
of waste disposal? The second is: Cap the 
pfotazoa of this microcosm predict toxicity 
'to higher animals?^ o *^ . '* 



The food- chain pyramids of sewage plants - 
and polluted waters have been adejquately 
descri^Ded (Hynes, 196^; Hawkes, 1960). 
A problem treated here is how to scale those 
microcosms to experimentally manipulable 
microcosms yielding dependable predictions 
for the behavior of sewjage-plant microcosms^ 



THE WINOGRADSKY COLUMN AS SOURCE 
OP INOCULA FOR MINERALISATIONS AND^ 
AS TOXICOLOGICAL INDICATOR SYSTEM 

Total toxicity depends on intrinsic toxicity- 
Persistence relationship^ Techniques for * * 
testing the degradability^.of organic compounds-- 
and so their persistence in soil ai:j^*water-- , 
are* still haphazard. The enrichment culture 
technique, in which one seeks microbes that " 
use the compoxmd in. question as sole substrate- 
hence degrades it and even "mineralizes" 
it--was developed by the Dutch school of # 
microbiologists. Enrichment cultures a.re/ 
used routinely by biochemists washing tg 
work out the microbial catabolic metabolic 
pathway for a compound of biochemical 
interest. Since the compounds dealt with by 
biochemists are of biological origin, micro- ' 
bial degradability can be assumed. Still, 
, finding a microbe to degrade a rar6 biochemical 
is not always easy: ^Dubos, in a classical 
hunt for a microbe able to live qff the capsules 
of pneumococci, found the bacterium onty 
after a long search which ended in a cranberry 
bog.' Such^difficulty in finding mierobes that 
degrade rai^^* biochen^icals implies an even 
greater diffiQulty ii\ finding microbes that 
degradie many products of the synthetic 



*j3irect6r,'' Allaji Hancock Foundation and Head, Bio. Dept.', Univ. South. Calif. 
+Haskins laboratories, 30.5 E. 43rd St. , New York 17,. N..X? I Seton Hall College 
- of MedicUne .and Dentistry, Jersey City> N/J. Pharmacological work from Haskins 
Laboratbf'ies discussed here v^s assisted by grant R6-9103, Div. of General Medical^ 
Sciences, of the 'National.Institutes* of Health. Paper ^presented by S.^H. Hutner. 



Environmental Requi3:ement3 of Fresh-Water Invertebrates 



4* 



. 1 ai 



organic chemicals industry, since such 
compounds may embody^iochemically rare 
or biochemically nonexistent linkages^ • j 
Intimations of the ftSpoHantje of inoculum 

' - ^boimd in the literature, e.g., RosS and 
Sheppard (19560 could not at first obtain * . 
phenol oxrdizerstfrom ordinary inpcula ^ 
(presumably soil and water); but manure 

^and a trickling filter from a ohemicar plant 

proved abundant sourcejs of active-bacteria, y 

' OneVonderrs how extensive a study underlies \ 
the statement qdoted by A]^xander (1961)tljat 
*'soils treated v/itl). 2, 4, 5-T (trichlorophenoxy- 
^ acetic acid) still retain the pesticide ibng 
after all vestiges of toxicity duje to equivsQent 
quantities of 2, 4-0 have disappeared. V 

What then is a reasonable inoculum for testing 
a compound's susceptibility to microbial 
-attack? The size range is wide: from the 
traditional crumb or gram of spil or mud to 
, the scow-load ot activated sludge*contributed 
by New York City to inaugurate the Yonkers, 
-X sewage-disRpsal plant. We suggest that to 
' stri^ a practical mean in getting a profile 
of soil, mud, or sludge to boused as inoculum 
the ^uses of the Wlnpgradsky column should be 
^ explored. Directions for Winogradsky column 
and bacteriological enrichments have been 
detailed (Hutner, 1962) and so only an outline' 
is given here. The column is prepared by 
putting a paste of shredded tpaper, CaCO^, 
and CaSO^ at th? bottom of a hydrometer jar, 

lling the jar with miud smelling H^S, covering 
with a fallow layer of^ater, and illuminating 
from the side with anlncande scent lamp. In 
2 or 3 weeks sharp zonea appear: a green- 
and-black anaerobic zone at^the bottom 
(a mixture of green photosynth^ic bactei^ia 
along with SO^-reducers, methaoij^producers^ 
and the like); over that'4ured zond^i%>f . 
(pre dominantly photosjJnthetic bacteria); 
above this garnet or magenta spots or zonfe ; 
(predominantly hon- sulfur ^photosynthetic ^ 
bacteria); above this a layer rich in blue- 
green afgae (the transition to the aerobic 
zones); above this aerobic bacteria along witii 
green algae^ diato^is, other alg^e, and an 
assortment of protozoa. This makes an 
excellent sirpple classroom experiment to 
de^nonstrate the different kinds of photo- 
synthetic organisnis, especially the, bacterial 
forms that are important in photosynthesis 
research and that ordinarily escape tiottce 
yet are ubiquitous in wet soils and naitural 
waters. 



As'pointed out by our colleague. Dr. L. 
Provasoli^l961), the heterotrophic , ^ 
capacities of ajgae are very imperfectly 
knpwn. This is imder scored by recent 
studies of the green flagellate Chlamy dom ona s 
nwindana as a dominant in s^wdge lagoons in 
the Imperial Valley of California (Eppley and 
MaciasR, ' 1^62); other than that it prefers * 
acetate among the few substrates tried; its 
heterotrophic capacities are imkiiown. ' ' 
More unexpectedly, some strains of the 
photosynthetic bacterium Rhodopseudomonas^ 
pgtlustris use benzoic acid ai^erobically as , 
the reductant in photosynthesi¥X&ch«^,, Scher, * 
* and Hutner, 1962) narrowing the gap betvyeen 
the photosynthetic pseudomonads and the 
ubiquitous pseudomonad^'so often represented ' 
among bacteria attacking resistant substrates , 
(e.g.1, hydrocarbons) as well as highly 
.vulnerable substrates. For the widelji 
studied, strongly h^erotrophic photosynthetid 
flagellates Euglena gracilis ^nd E. viridis ,- ' 
common in sewage, no specific enrichment 

procedure is known, jneaning that thei|* ^ 

ecological niches are tmkno^n but laborat^bry 
data provide hints. • 

The increasing use of oxidation ponds woulfl 
"^in any case urge a greater use of Sealed- 
down ecological systems in which development . 
of none of the photosynthesizers present in • 
the original inoculum was suppressed; 
Conceivably, some of the rare microbes 
Sttack^ng rare substrates- -and such microbes 
are likely to represent a sotirce. of degraders 
of resistant non-biochemicals^-are specialists 
in attacking products of photosynthetic ^ 
organisms. 

Traditionally, the inoculum for a Winogradsky 
column is a marine ^r*brackish mud (as 
New Yor^kers we would be partial to mud from 
flats of the Harlem River)» Little is known 
about the effectiveness as inocula of freshwater 
muds or water-lagged soils. It wbuldb'e , 
valuable to know how complete a column 
'\ coiild develop from material from a trickling , 
filter or an activated- sludge >plant/ A practical 
i&^ufe is: Might the poisoning of 'a sewage-' 
oxid&tion system be paralleled by the poisoning 
of a Winogradsky column^^' Where 'the poison 
Was mixed with the in6culum for the column? 
Might the, variously j^dlorb^ pjiotosyhtlietic - 
zones, of tjhe column and thA*aerobic^ population 
on top'pro^de sensitive indicators for the 
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.performance of a sewage -oxidation system 
subjected to chenjical wastes? " ' 

- If a^particular compound'mixed with inoculation 
mud or sludge suppressed development of the 

, ^uU Winogradsky pattern, one might assimie 

that the compound at the test concentration 
^ was poisonous and persistefit. Biological , 
, destruction of such poisons, if at all possible, 
might demand a long hunt for diuitable micro- 

> organisms, tHon buildup of the culture to a 
pActical scale. This mi^t best be done with 
illumin^te^ shake or aerated "cultures, witH 
the inocul^ coming from a variety of environ- 
ments. Optimism that microbes can be found 
capable of breaking almost all the linkages of 
organic chemistry is fostered by the study of 
antibiotics, which include a wealth of 
previously "unphysiological" linkages- -a^o 
compounds, oximes, N-oxides, aliphatic and 

. aromatic nitro and halogen compounds, and 
Strang^ heterocyclic ring systems. Some 
natural heterocycle3, e.g., pulcherriminic 
acid and 2-n-nonyl-4-hydrpxyquinoline, have 
a disquieting resemblance 'to the potent . . 
carcinogen 4-nitroquinoline N-oxide. 



PROTOZOA AS TOXICOLOGICAL TOOLS 

A difficult problenf is one mentioned earlier: 
persistence joined with l^w- grade toxicity to 
higher animals, 'Recent developments in the 
use of prot6zoa as pharmacological tools show 
that protozoa can serve as sensitive detectors 
of metabolic lesions ("side actions"? ) of a 
wide assortrnent of "safe" drugs. The list 
includes the "antichole sterol" triparanol 
(MER/29), Triparanol toxicity maiufested 
itself with several protozoa, including 
Ochrompnas danica (Aaronson et al., 1962) 
an d Tetrahymena (Holz et al,,, 1962), ' 
Triparanol ^was not acting simply a^ an anti- 
cholesterol for i^s obvious toxicity to protozoa 
wa^s annulled by fatty, acids as well as' by . 
st^erols. The connection between the protozoan 
results and the-^side actions" of triparanol — 
baldness, impotence, and cataracts- -are of 
course imclear, but protozoal toxicity might 
3erve as an initial warning IhaFit might not 
be as harmless as gssumed from ghort-term 
expei^iments with higher animals. 



The anticonvulsant primidone provides a 
cle^Lr indication of how protozoa can be used 
to pinpoint the location of a metabolic lesion.* 
Primidpne had been known to cause foliq acid- 
responsive- anemias. It is therefore eas^to 

. find that with joint use of a thymine -dependent . 
Escherichia coli and the' flagellate Crithidia 
fasciculata reversal of growth inhibition by * ^ 
folic acid and related compounds permitted , 
the chartin^g of interferences with the intern- 
connected folic acid, biopterin, and*DNA 
function (Baker et al. , 1962), which amply 
accounted for the megaloblastic anemias. 
, Lactobacillus casei, a bacterium much used 

*, in chemotherapeutic research, was unaffected 
b^ the drug. ^ 

In another instance, \vhere the mode pf action 
of the drug in higher animals was unknown, 
growth inhibition property of the anticancer 
compound 1-aminocyclopentane - 1-carboxylic 
acid was. reversed for Ochromonas danica 
by L-alanine and glycine, as was the' inhibition 
property of l-amino-3'-methyl-cyciohexane- 
1-carboxylic acid by L- leucine (Aaronson 
and Bensky, 1962), ^ 

Growth ir\^bition of Eugleha by^the potent 
' carcinogen 4-nitroquinoline N-oxide was 
annulled by a combination of tryptophan,' 
tyrosine, nicotinic acid, phenylalanine, 
uracil (Zahalsky et al,;,i962) and, in more 
= recent experiments, the vitamin K relative 
. phthiocol. These N- oxides are of interest 
because of recent work indicating that perhaps 
the main way in which the body converts such 
compounds as the amino hydrocarbons to the 
actual carcinogens m^y be by an initial 
hyjlpoxylation of the nitrogen, e.g., work 
b^^ Mnier et al., (196;i), Whether the ' ^ 
pet^pxides in photo-^chemical smogs of the 
Los^ngeles type action hydrocarbons to 
produce carcinc^genici N-b:iides is entirely 
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unknown, f/eighton ( 



1961) lists, an array of 



peroxy reactions propucec^ by sunlight in 
polluted air. 

Our aforementioned experience with primidone. 



a ketonic.neterocycle, le<^ 
sedative thalidomide* 
Ochromonas danica 0 



us to test the 
It \l/es toxic for 
mjilhemensis ^ind 



„ Tetrahymena pyriformis ; 
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anniilled by nicotinicracid (or nicotinam^e) 
or vitamin K (menadione) (Frank et al, 1963). 
We do not know whether a similar protection ' 
coTild have b^en conferred on human embryos 
or po]ynetjfritis in the adult. 

Many widely used herbicides of the dinitrophenol 
type are powerful poisons for higher animals. 
We do not know how sensitive protozoa would 
be for detecting their persistence. However, 
since spmewhat similar thy ro- active com- 
pounds can be Sensitively detected by their- 
exaggeration of the B^^ requirement of 
Ochromonas malhamensis (Baker ef al, 1961), 
this flagellate might be a useful test object 
for dinitrophenols and congeners. 

The Param^ium (and perhaps too the. 
Tetrahymena ) test for polynuclear benzenoid 
carcinogens has remarkable sensitivity and 
spedificitj^ (Epstein and Burroughs, 1962; Hull, 
1962).* This test depends on the carcinogen- ^ 
sensitized phot5)dynamic destruction of 
paramecia by ultraviolet light. This test is 
approaching practicality for air^ and there is 
ono ^reason to suppose it cannot be applied to ' 
^bfenzene extracts of foodstuffs and water. 



CONCLUSIONS 

We have suggested here new procedures for 
e^camining the intrinsic toxicity -persistence 
relationship, using as test organisms the. , 
protists represented conspicuously in a 
Winogradsky column. The new field of 
micro^toxixiology is Virtually undeveloped. 
The^rgent need for detecting chrpnic, low- 
grade toxicities is evident from many sides. 
This is not the place for a detailed discussion^ 
of tfie medical implications of this area of 
research, but it should be ep^^hasized that 
•iChroOic toxicities and carcinogenesis are^ 
related* Conversely, Umezawa (196'1) has 
remarked that most antitumor slibStance's 
have chronic toxi6ities and that elaborate 
testing procedures for toxicity are required 
tq fix the ^daily. tolerable dose; apparently this 
problem is a central theme in medical as well 
as pollution research. Inhibition of growth of* 
an' array of protozoa is now in practical use 

a means of detecting anticancer substances 
iri antibiotic beers (Johnson et al, 1962). \ 
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Since the embryos appear to lack the 
detoxication mechanisms of the adult animal 
(Brodie, 1962), toxicity for protozoa (which ^ • 
presumably lack these detoxication 
mechanisms*) should be compared ^ith that 
for the embryo, not the adult, as emphasized 
by the thalidomide disaster. 

There 'are further limitations on the use of 
' microbes as detectors of toxicity. High- 
molecular toxins seem inert to microbes, 
and antihorm'ones (with the exception of 
^ai)ti-thyroid compounds) are generally inert. 
The main usefulness of microbial indices 6f 
toxicity would* app*ear, then, to be for detecting 
low -molecular poisons acting orr cellular 
targets rather than on cell' systems and 
» organs. These are precisely the poisons 
likeNto'put out of. business a poUution- 
contr9)l installation primarily dependent on 
microbial activity. 
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FILAMENTOUS BACTERIA 
/ 



I ^INTRODUCTION 



There are a number of types of fHamentous ^ 
bacteria that occ\ir in the aquatic environment. 
They include the sheathed sulfur and iron 
bacteria such as Beggiatoa, Crenothrix and 
Sphaerotilus» the actinomyc6tes"which are 
unicellular microorganisms that form chains 
of cells with special brai>chings, and 
GaIlionella» a unicellular organisrii that 
seci*ettes a long twisted ribbon- like stalk, 
These filamentous forms have at times . 
created serious problems in rivers, 
reservoirs, wells, and water 'distribution 
systems. 



n BEGGIATOA , 
• 

Beggiatoa is a sheathed bacterium that grows 
as a long filamentous form. The flexible 
filaments may be^as- large as 25 microns wide 
and 100 microns long.- (Figure 1) 



Figure 1 




Beggiatoa alba 
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up to I.OOOjJ . 



Transverse separations within tHe shekth 
indicate that a row of cells is included in 
one sheath. The sheath may be clearly 
visible or so slight that only special'staining 
will indicate that it is present. 

The organism groWs as a Mfchite slimy or. 
felted cover on the, surface of various ^objects 
undergoing decompo*sition or on the surface 
of stagnant areas of a stream receiving 
sewage. It has also been observed. on the 
base of a tricklirxg filter and in contact 
aeritors. 

It is most commonly found irf sulfur springs 
or polluted waters where HgS is present." 
^fieg^atoa is distinguished by its ability to 
deposit sulfur within its cells; the sulfur 
deposits appear as farge refractile globules. 
(Figure 2) 




Figure 2 

Filaments jof Beggiatoa 
contaihing granules of 
sulphur. 



When H S is no longer present in the environ- 
ment, tne sulfur deposits disappear. 
Dr, Pringsheim of Germany has recently 
proved that the organisin can groW as a true 
fftttotroph obtaining all ifs energy from the 
oxidation of HgS and using.this energy to fix 
COp into all material. It can also use 
certaiii prgJinic iriaterials'.if they are present 
along withjihe 



Faust and l^olfe, and Scotten and Stokes ' 
have grown\the organism in pure culture, in 
this country's^ Beg^atoa exhibits a motility 
that is quit^ different, from the typical 
flagellated motility of most bacteria; the 
filaments have a flexible* gliding motion, 
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Filamentous iBacteria 



The only major nuisance effect of Beggiatoa 
known has been overgrowth on.trickling filters 
receiving waste waters rich in H S, The 
normal microflq^ra of the filter was suppressed 
and the filter failed to give good treatment, 
Rtfriioval of the H^S from the water by blowing 
air through the water before it reached the 
flUers caused the slow decline of the 
Beggiatoa and a recovery of the normal ^ 
' microflora, Beggiatoa usiially indicates 
polluted conditions with the presence of H S 
rather than being a direct nuisance. * 



in 



ACTINOMYCETES' AND EARTHY ODORS 
IN WATER 



Acfinomycetes are unicellular microorganisms, 
Tmicron iii diameter, filamentous, non- • 
sheathed, branching monopodi^lly^ and 
reproduced by fission or by means-pf special 




Figure 4 

Egg albumin Isolatlo 
'A' an actlnomycete 
and *B**a bacterial c 



n ptate. 

colony, 
olony 



Appearance: 



coniiijia, (Figure 3) 



dull and powdery 



Appearance:* 
^smooth and mucoid 




Figure 3 P/lamentd* of Actlnomycetes^ 



Their filamentous habit and method of 
sporulation is reminiscent of fungi. However, 

4heir size, chemical cbtpposition, ^nd other, 
characteristics are 'more similar to 'bacteria. 

'(Figure 4) 



These organisnfis may be considered as a 
group intermediate between the fungi and 
the bacteria. They require organic matter 
for growth but can use a wide variety of 
substances and are widely distributed. 

4 

Actinomycetes have been implicated as the 
■ cause of eatrthy odors in some drinking 
' ^ waters (Homano and Safferman, Silv?y and. 
Roach) and in earthy smelling substance has 
been isolated from several members of the 
group by Gerber and Lechevalier, Saffern\an 
and Morris have reported on a method for the 
"Isolation and Enumeration of Actinomycetes 
Related to'Water.^Supplies. " But the actino- • 
mycetes are primarily soil^microorganisms 
and often §row in fields or on the banks of a 
river or lake used for the water supply. 
Although residual chlorination will kill the 
' organisms In the treatment plant or distributor! ^ 
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system, the odors often are presen^before 
the water enters the plant. Use of petmacn- 
ganate oxidation s^nd activated carbon filters 
have been most successful of^the methods 
'tried to remove the odors from the water. 
Control procedures to "prevent the odorous 
mat^ial from being washed into the water » , 
supi>^^-l^ rains or to prevent possible deyelop- 
menkof xh^actinomycetes in water rich in 
decaying or^nlc matter is still needed. 



IV FILAMENTOUS IRON BACTERIA 



The filamentous iron bacteria of the 
Sphaerotilug - Leptothrix group, Crenothrix , 
^nd Gallionella have the^ ability^ to either 
oxidize manganous or ferrous ions to ma^ffiinic 
or ferric 'salts or are able to accumulated^ 
precipitates of these compounds within the 
sheaths of the organisms. Extensive growths 
or accumtilations of the empty, metallic ^ 
* encrusted sheaths devoid oi cells, have 
created much trouble in wells or water dis- 
tribution systems. Pumps and baclc'surge 
valves have been clogged witti masses of 
material, taste and odor problems have • 
occurred, and rust colored masses of 
material have spoiled products in contact 
with water.' 

Crenothrix polyspora has only been examine(J 
under the microscope as we have never been 
able' to grow it in the laboratory.* The orga- 
nism is'easify recognized by its special 
morphology. Dr. Wolfe of the University of 
Illinois has published photomicrographs of 
the organism. (Figure 5) * 

' Orgajiiisms of the Sphaerotilug - Leptothrix 
group have been extensivelV studied by many 
investigators (Dond^ro ejtr^l., Dondero, 
Stokes,- Waitz amd I^cftey, Mulder and van 
^;efen, and Amber g an4^Q>rmaclc. ) Under 
/differeht environmental cbriditforis the mor- 
♦phological apjye^*ance^of the organism varies. 
•The usual form fat»Kiin polluted streams or 
bulke^-fcCfivated sludge is l^haerotilus natans' . 
(Figtire 6) 




Figure. 5 

Crenothrix polyspora 

cells are very variable In 
size tfom small cocci x)r 
polyspores ia cells 3xl2/ui 




Figure 6 
Sphaerotllus natans 

3-8 X 1.2 ^ ^.G/fA 
cells 
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Filamentous Bacteria 



This is a sheathed bacterium consJstiUig of ' 
long, unbranched filament si .whereby individual 
rod- shaped bacterial cells are* enclosed in a 
linear order within the sheath. The individual 
, cell& are'3-§ microns long and 1. 2-1.8 
microns wide. Sphaerotilus growfe in great 
masses; at times in streams or rivers that 
receive wastes from pulp mills,' sug^ 
reveries, distilleries, slaughterhouses, 
or ri\ilk prbci^rsing plants. In these conditions, 
it appears as large masses or tufts attached 
to rocks, twigs, or other projections and the 
masses may vary in color from light grey to 
.reddish brown. In sorhe rivers lar|[e fnasses 
"Of *Sphaerotilus break loose and plog watet 
intake pipes or foul fishing nets. When the 
cells die, taste and odor prpblenip may also 
occur in the wafe^. 

Amberg, Cormack, and Rivers and McKeowri 
have reported on methods to try to limit \he 
development of Sphaerotilus in rivers by 
inter niittant discharge of wastes. Adequate 
control will probably only be achieved once * 
^the wastes are treated before discharge to 
such an extent that the growth of Sphp.erotilUs 
is no longer favored in the river. Sphaerotilus 
grows welf at cool temperatures. and slightly 
low DO levels in str'eams receiving these 
, wastes and domestic sewage. Growth is slow 
, wl^ere fhe only niti?ogen present is inorganic 
nitrogen; peptones and proteins are utilized 
preferentially. 

GallioneUa is an iron bacterium which appears 
as a kidney-shaped cell with a twisted ribbon- 
like stalk emanating from the conqavity of the * • 
cell, • Galllonella obta'ins its ener^by 
oxidizing ferrous iron'^to^erric iron and uses 
oiUy COg and inorgl^nic salts to forni all of 
the cell material; it is an autotroph. Large. 
masses of Galllonella may dause problems 
"in Wells or accumulate in low-flow low- 
pressure water* mains. Super chlorination 
{up,±D^OP ppm of so/dium hypochlorite for ^ . 
4-8 hours) followed by flushing will offen * 
rertxove the masses of growth and" periodic 
treatment: will prevent ^the nuisance, effects * " 
of the extensive massesNSf Galllonella . J' 
(Figure 7) . ^ ' v 




Figure 7 
Galionella furrugfnea 



0,5 X 0,7 - 
Cells 
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FUNGI AND THE ."SEWAGE FUNGUS" COMMUNITY ^ 



INTRODUCTION 



Description 



riDtli 
i are 



Fungi are heterotrophic achylorophyllous 
plant-like organisms which possesp-true 
nuclei ^with nuclear membranes and'nu- 
cleoli. Dependent upon the species and 
in some instances the environmental 
conditions, the body of the fungus, the 
thallus, 'varies from a microscopic 
single cell* to an extensive Plasmodium 
or mycelium. Numerous forms produce 
. .macroscopic fruiting bodies. 

B Life Cycle • 

The life cycles of fungi vary from simple 
to cojnplex and may Include sexual and 
asexual stages with varying spore types 
as the reproductive units. 

C Cl^ificatipn * 

Traditior^Uy, true fungi are classified 
within the Division Eiimycotina of the 
Phylum Mycota of the plant kingdom. 
Some authorities consider the fungi an 
essentially monpphyletic group distinct 
from the classical plant and animail 
kingdoms. 



Ill ECOIX)GY 

A Distribution 

Fungi are ubiquitous in nature and mem- 
bers of all classes may occur in large 
numbefSSn aquatic habitats. Sparrow 
•(1968) haspriefly reviewed the ecology 
of fungi in jreshwaters with particular 
emphasis on tKe zoosporic phycomycetes. 
The Q^ccurrence aijd ecology of fungi in 
Vnarine and estuarine waters has been 
examfned recently by a number of in- 
vestigators (Johnaon and Sparrow, 1961; 
: Jobnson, 1968; Myers, ^1968; van Uden 
and Fell, 1968). 



B "Relation to Pollution 



*^ Wm; Bri^e Cooke, in a series of in^ 
• vesti^ertlons (Cooke, 1965), has estab- 
, lished that fungi other than phycomycetes 
,^occur in high numbers in sewage and 
polluted waters. His reports on organic 
pollution of streams (Cooke, 1961; 1967) 
show that the variety of the Deuteromy- 
. cet^ flora is decreased at the immediate 
sites of pollution^ but drainatically in- 
creased' downstream from these regions. 



- ' n ACTIVITY 

In general, fungi possess .b^oad enzymatic 
capacities.' Various species are able* t^ 
* ''^yacti^^ely degrade such cpmpbunds as< 
complex polysaccharides (e. g., cellulose, 
^ chitin, and glycogen), proteins (casein, 
albumin, keratin), hydrocarbons (kerosfene) 
and pesticides. Most species, possess an 
oxidative or microaerophilic metabptl^m, 
• byt anaerobic eatabolism is not uncommon. 
A few species 'show anaerobic metabolism 
and growth. * , ^ 



Yeasts, 'in particular, have been found 
in'^large numbers in organically enriched 
waters (Cooke, et al. , 1960;- Cooke and- 
Matsuura, 1963; Cooke, 1965b; Ahearn^ 
' et ah , 1968). V Centain yeasts are of ' 
specia} interest^ duetto their potential* 
use as '^indicator" organisms and their 
ability to degrade or utilize proteins, 
various hy^rocar^bons,' straight and 
branch chained alkyl-fcenzene sulfonates, 
fats, metaphosphates, and wood sugars. 
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"Sewage Fungus" Community (Plate I) * 

A few microorganisms have ftng been 
termed "sewage fupgi. " The mbst 
'common microorganisms included in 
this group are the iron b^icterHm • ^ 
Sphaerotilus natans and the phycomy- 
cete- Leptomitus* lacteus , 

1 Sphaerotilus natan g is not a fungus,^* 
rather it is a sheath bacteriiljrn of 
the order * chlamydobacterialies. 
This polymorphic bacterium occurs 
.commonly in organically enriched' 
streams where it may produce 
extensive slimes. 

a Morphology 

Characteristically, S. naians 
forms chains of rod shaped 
cells (l. i -2.0n X 2.5- ll^y 
within a clear sheath or tri- 
ctiome composed ofaprotein- 
.polysaccharidae-lipid complex. 
The rod cells are frequently 
motile upon release *from the 
sheath; the flagella are lopho- 
trichous. ^ Occasionally two 
row»s of cells may be present 
in a single sheath. Single tri- 
chomes may be several mm 
in lertgth and bent at various 
angles. Empty sheaths, ap- 
• -• pearirfg like thin cellophane 
straws, may be present. 



b Attached growths 

The trichomes are cemented ^ 
at one end to solid substrata 
such as stone or metal, and 
their cross attachment and 
bending gives a ^superficial 
^ similarity id true f imgsil hyphae . 
The ability to attach firmly to 
solid substrates gives S. n atans 
a selective advantage in the 
population of flo>ving streams. 
For more thorough reviews of 
S> natans see Prigsheim (1949) 
and Stokes (1954^. 



Lep^omitu^ lacteus also <prodlices 
extensive slimes and f5uling floes , * 
In ilresH water's. This speciesiorms 
thalii^gified by regi^lar constrictions . 



a , Morpholbgy 



Cellulin plugs may be pi^esent * 
near the constrictions and there 
may be nunterous granules in 
' the cytoplasm. The basal cell 
of the thallus may possess ' 
rhizoids. 

•b Reproduction 

The segments delimited by the. • 
partial constrictions are con- 
verted basipetally to sporangia. 
The zoospores are diplanetic 
(i.e., dimorphic) and each 
possesses one whiplash and one 
tinsel flagellum. Nonsexual 
stage has been demonstrated 
for this species. 

c Distribution 

For further information on the 
distribution and systematics 
of L. lacteus see Sparrow (1960), 
Yerkes Vf&66) and Emersonand 
Weston (1967). Both S. natans 
and L. lacteus appear to thrive - 
in organically enriched cold 
waters (5^-22°C) and both seem 
incapable of extensive growth af * 
temperatures of about 30°C. 

d Gross morphglogy 

Their metabolism is oxidative 
and growth of both specie§x«iay 
appear as reddish brown floes 
or stringy. slimes of 30 cm or 
more in length. 

e Nutritive r^equirements 

Sphaerotilus natans is able to 
utilize a wide variety of organic 
compounds, whereas L. lacteus 
does not assimilate simple 
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PLATE, I 

"SEWAGE FUNGUS" COMMWITY OR "SLIME GROWTHS" 
■(Attached "filamenlous" and slime growths) 

\ 




Fungi 
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PLATE II 
REPRESENTATIVE FUNGI 



Fuscrium aquaeduetuutn 
(Radlmacber and 
Rab«nhorat) 5«ccardo 

Mldoconidl* <A) produced 
(rom pliUlldet m in Ctphalo- 
jjwwm, ranaining in tlime 
balk MacroconidU (B). with 
bne to leveral croM wall*, 
produced from collared phial- 
Idea. Drawn from culture. 

Figure ^ 

CeoUtckum candtdum 
link ex Per»oon 

Mycelium with abort celU 
and aithrotporea. Young *»yc^ 
pha (A) ; and mature arthro-* «^ 





Fl(itr« 

Leptomitus Iccuiu (R^ 
Agardh 

Cells of the^ hv^hae ' show- 
in g^c on ttricti on ^Mvith cellulin 
plugs. In ,one/cell large too< 
spores hive been delimij^d. 
Redrawn .from Coker^ 

Figure ^ 

Zoophagus insiduins 
Sommerstorff 

Mycelium with hyphal pegs 
(A) on which rotifers will 
become impaled; gemmae (B) 
produced as conidia on short 
hyphal branches; and rotifer 
impaled on hyphal peg (C) 
from which hyphae have 
grown into the rotifer whose 
•shell will be discarded after 
the contents are consumed. 
Drawn from culture. 



Figure 

Achlya amerlcana Humphrey 

Ooogonium with three oo- 
spores (A); young soospor* 
angiom with delimited too- 
spores (B) ; and toosporangia 
(C) with released (oospores 
that remain encysted in clus- 
ters at die mouth of the dla* 
charge tube. Drawn fi^m cul- 
ture. : 



FlOURR 

' B— <'ftrly plasimKhiiin. 



>1B t. • ^ 

Figures 1 through 5 from Cpoke,' Figures 6 and 7 fpom Galtsoff . 

» » >• ^ 
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< sugars and grows most lijjairiantly^.in 

the pres^ce of organic- nitrogenous 
/ wastes, ' / 

3 Ecological roles - ; i c . 

\ Although the "sewage fURgTlop. 
occasion attajln visitadly notic.ekble 
concentrations^. the less obvious 
populations, oi deuteromycetes mfiay 
be mo'i*e important in the ecology of 
« the aquatic habitsrt. Investigations of 
the past decade Indicate that numerous' 
fungi ar^ of primary importance in the 
mineralization of organic wastes; ^he 
overall significance and exact roles of 
fungi in this process are yet to be 
established, * / 



IV CLASSIFICATION . 

In recent classification schemes, classes 
of fungi are distinguished primarily on-the 
basis of the morphology of the sexual and 
zoosporic stages. In practical schematics, ^ 
hpwever, numerQus fungi do not demonst^te 
these stag^s^ ^Classification must therefore 
. , be based y6n*ihe sum total of 'the morphological 
arid/or pnysiological characteristics. The 
extensive review by Cooke (1963)' on methods 
of isolation and classification of fungi from 
sewage and polluted waters precludes the^ 
need herein of extensive keys and species 
-illustrations. A brief synopsis key of the 
fungi adapted in part from Alexopholous 
(1962) jis presented on the following pages. 



This outline was prepared by Dr, Donald G," 
Ahearn, Professor of Biology, Georgia State 
College, Atlanta, Georgia 30303, 

Descriptbr^ Aquatic Fungi 



Predacious Fungi 

1 Zoophagus insidians 



(Plate H, Figure 4) has been observed 
to impair functioning of laboratory 
activated sludge units (see Cooke and 
•Ludzack), • • 

Arthrobotrys is usually found along 
with Zpopha^s in laboratory activated 
sludge units. This fungus is predaciouB 
upon nematodes. Loops rather than 
''pegs'' are used in snaring nematodes. 




PLATE II (Figure 4) 
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KEY TO THE MAJOR TAXA OF FUNGI 



Definite cell walls lacking, somatic phase a fre* li^?ing Plasmodium 

Sub-phylum Myxomycotina : . (true slime rnol<fs). .Class Myxomycetc'S 

Cell wall* usuallv well defined, somatic phase not a free-living Plasrnodi<i|Ti ^ 

. . . . (tr ue fungi) . . » Sub -phylum Eumycotina .■• . - . * 



2 Hyphal filarpents usually coenoctytic, rarely Septate, sex <*ells when present forming ^ 

oospores or zygospores, aquatic species propagating asexually by zoospores, terrestria^l 
species by zoospores, sporangiospores conidia or conidia-like sporangia Phycomycetes". . . 

The phycomycete^ are generally consi(dered to include the most primitive of the true 
fungi. As a whole, they encompass ^ wide diversity of forms with some .showing relation- 
ships to the flagellates, while others closely resemble colorless algae, and still others 
arc true molds. The Vegetative body (thallus) may^e non-specialized and entirely coti- 
vcrt^d mto a reproductive^ organ (holocarpic)» or it may bear tapering rhizoids, or be * 
mycelial and v^y extensive. The outstandiijg characteristics of the thallus is a tendency 
to be nonseptate and, in most groups, multinu^liate; cross walls arc laid down in vigorously 
growing material only to delimit the r^orductive organs. The spore unit of nonsexual re- 
production is borne in a sj^orangium, and, in aquatic and semiaquatic orders, is provided 
with a single posterior or artkerior flagetlum or two laterally attached ones. Sexua^l activity 
in the phycomycetcs characteristically results in the formation of resting spores. 

2.(1M Hyphal filaments when present septate, without zoospores, with or without sporangia. 

usually with conida; sexual reproduction absent pr culminating in the formation of asci 

or basidia • j. 



5 (2) Flagellated cells characteristically produced , ^ 

3' Flagellated cells lading or rarely pi'oduced . ^ 

4 (3) Motile cells uniflagellate ' * ^ 

4* Motile cells biflagellate - , ^ 

5 (4) Zoospores posteriorly uniflagellate . formed inside the sporangium ■ class XThytr idiomycetes 

The Chytridiomycetesjiproducc asexual zoospores with a single posterior whiplash 
flagellum. The thallus is highly variable, the niost primitive forms arc unicellular and 
holocarpic and in their early stages of development are plasmodial (lack cell walls), m^re 
advanced forms develop rhizoids and with further evolWPnary progress develop mycelium 
The principle chemicaTcomponent of the cell wall is chitin. but cellulose is also present. 
^Chytrids are typically afjltatic organisms but may be found in other habitats. Some species 
"^are chitinolytic and/or kJtatinolytic . <^ytrids may be isolated from nati^re by baiting (e,. g. 
hemp seeds or -pine poUenPShytrids occur both in marine and fresh watec habitats and are 
of some economic importance due to their parasitism o/ algae and animals. The genus 
Dermocystidium may be provisionally grouped with the chytrids. Species o'f this genus 
cause serious epidejnics of aysters and marine and freshwater fish. 

5' Zoospores anteriorly uniflag^late, formed inside or outside the sjsbrangium. . . ^ .class 

, - Hyphochytridiomycetes 

These fungi are aquatic (fr^sli wa'ter or nrwirine) chytfid-like fi^ngi wht>8e motile ccJls 
posses? a single^anterior flagellum of the tinseTtype (feather-like). Thoy are parasitic 
algae and fungi or may be aaprobic. Cell walls contaiti chitin with some species also demon-* 
strating c.ellulose contents Little information^is available on the biology of this class and 
at present it is limited to less than 20 species. , • i 

^ . / • ' ' \ 

6 (4,') KUgella nearly equal, pjie whiplash the other tinsel cla^s Oomycetes 

<»' „ " 

^ '"^ A number of reprtaentative s of the Oomycetes h^^ve been shown t/> have cellulosic cell 

wiilU. The mycelium is coenocytic, branched and well dcv>:lope<^ in most cases, *Thc sexual 
process results in th^ formation of a resting spor6 of the.oogamous type, i.e., a type of 
fert|lization4n which two heterogametangia cc^n^e in contact'and fuse their contents thrbugh\ 
a po4e or tube. 15;S^-thalH in this class riwn^ fronn urticellular to profusely branched 
filamentous types^ Most forms arc eucarpip zoospores arc produced througl\out the class 
except in the more highly advanced apeciesf Certain ^species are of economic irfiportance^ due 
their deatruction of food crops (potatoes and grapes) while others cause serious diseases of 
•fish (e.g. -Saprolegina parasitica ). Members of the family Saprolcgniacca« arc the common 
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water molds and are among the most ubiquitous fungi in naturo> The order Lagenidlales 
includes only a few species \vhich are pi^rasitic on algae, small Animals', and other aquatic 
life. The somatic structures^ of this taxon are ^olocarpic and endobiqtic. The sewage fi^ngi^ 
are classified in'th« order Leptomitales. Fungi of this order are chtaracte rized by the 
formation of refr'actile constrictions, cellulin plugs ' occur throughout the thalli or. at l|past. 
a^the bases o( hyphae or to cut off reproductive structures. Leptomltus lacteus may 
produce rather extensive fouling floes or slimes m organically enriched waters. 

Flagella»of unequal size, both whiplash < class. . . Ptasmodiophoromycetes 

Members of this clac&i^^e obligate endoparasites of vascular plahts. algae, and fungi 
The thall^s consists of a plasrl^dium which develops within the host cells. Nuclear division 
at dome stages of the life cycle i^of a type found m no other fungi but known to occur in 
protozoa. Zoosporangia which ar^e directly from the plasmpdium bear zoospores with two^ 
unequal anterior falgella. The celllwalfs of these fungi apparently lack cellulose. 



7 (3*) ' Mainly saprobic. sex cell when present a zyg^spora class 



7 \ tfomycetes 



This class has well developed mycelium with septa developed in portions of the 
old«r hyphae. actively growing hyphae are normally non- septate. The asexual spores aie 
non^mot^le spor&ngioi|>ol:es iaplanospore s) . Such spores lack flagella and are u8uall> 
aertaly disseminated. Sexual reproduction is initiated by the fusion of two gametangia 
with resultant formation of a thick-walled, resting spore, the zygospore. In the more ' 
advanced species, the sporangia or the sporangiospores are conidia-like Many of the 
Zygomycetes are of economic importance due to their ability to synthesize commercially 
valuable. organic acids and alcoHols. te transform steroids such as cortisone, and to ^ 
parasitize and destroy food ci^ops. A few species are capable of causing disease in man 
aAid animals (zygomycosis) ^ 

Obligate commensals of arthropods, zygospores usually lacking c'hiss . . . Trichomycetes 

* r ' ' 

, The? Trichomycetes are an ill<-sCudied group of fuilgi which appeaSt^o be obligate 
c^ommensals of arthropods. The trichomycetes are associated with a wide variety of insecta, 
^niplopods. and crorstacea of terrestrial ahd aquatic (fresh and marine) habitats. None of 
the members of this class have been cultured in vitro for continued periods of times with any 
success. Asexual reproduction is by means of sporangiospores Zygospores have been 
observed iix species of several orders. ^ , 



8>(2') Sexual spores borne in asci class 



. f^scomycete s 



8" 



In the Ascomycetes the products'of meiosis; ^the ascospores. are bozj/e in sac 
Jike structures termed asci. The ascus usually contains eight ascospores. but the number 
produced may vary^with t^e species or strain. Most spd^^es produce extensive septate 
rrrycelium. This large class is divided into two subclasses on the presence or absence 
ot an ascocarp. The Hemiascom^cetidae lack ar^ascocarp and do not produce ascogenous* 
hy'phae; this subclass includes the true yeasts. The Euascomycetidae usually are divided 
into'three series (Plectomycetes, Pyrenomycetes» and Oiscomycetes) on the basis of 
ascoc^rp structure. " ' ^ ^ 

S«xual spores borne on basidia ^ % class. . . ^ MlSasidiomycetes 

The Basidiomy cetes generally are considered the rnost highly evolved of the ftfngi. 
Karyogamy and meiosis occur In the basidlum which bears sextial exogenous spores, 
basldiospores. The mushrooms, toadstools* rusts, and smuts are Included in this class. 



„Sexual stage, lacking. 



. JForm claffrf.( Fungi Impe rfectl )..Deuteromvcetes 



The OeutercOmy cetes is a form^class for those fungi (with morphological affinities 
to the Ascomyc^tes or Basldlomycetes) which have*not d^monytrated a sexUal stage. 
The generally employed classification scheme for thhse fung^is based on the morphology 
'and color of th<» asexual reproductive stages. This scheme Is briefly outlined below. 
{j'e^er concepts of the classlflcdtlon based on conldlum development after the classical 
Wo^k.of S. J. Hughes (1953) may eventually replace the gross morphology system (see 
Barron 1968). : \ 




KEY TO THE^FORM-ORDEP^ OF THE FUNGI IMPERFECli 
1 

V 



2 (I) 
2' 

3' 



Reproduction by means of conidia* oidia* or by, budding Z \ 

No reproductive structures present. . .'. , >. Mycelia Sterilia \^ 

Reproduction by rx^eans of conidia borne in pycnidia * Sphaeropsidales 

Coni^iar when formedr jnot in cycnidia T 3 i 



Conidia borne in acervuli . 



. Melanconiales 



Conidia borne otherwise, or reproduction by oidia or by budding,. . . ' Moniliales 

KEY TO THE FORM-FAMILIES OF THE MONILIALES ' * # 

1 Reproduction mainly by unicellular budding, yeQi,st-like; mycelial phase, if present, 
secondary, arthrospores occasionally produced, manifest n^elanin pigmentation lacking 2 

r Thallus mainly filamentous; dark melanin pigments sometimes produced. . , 3 

2 (1) Ballistospores produced ■« /Sporobolomycetaceae 

2' No ballistospores .• • • \ Cryptococraceae 

3 Conidiophores", If present, not unit*«d into sporodochia or synnemata 4 

3' Sporodochia present Tuberculariaceae 

3" Synnemata present * . ^ ' Stilbellaceae 

4 (3) Conidia and conidlophores or oldla hyaline or brightly colored Monlliaceae 

4* Conidia and/or conidlophores, containing dark melanin pigment / Dematlaceae 
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PROTOZOA, NEMATODES, AND ROTIFERS 



I GENERAL CONSIDERATIONS 

A Microbial quctlity ponstitiites only one 
^ aspect of water sanitation; microchenaicals 
" aind radionuclides are attracting increasing 
amount of attention lately. 

*B Microbes considered;here include bacteria, 
. protozoa, and microscopic Inetazoa; algae 
and fungi excluded.. 

# 

C Of the fr^ee- living fb^ms, some are 

members of the flora and fauna, of surface 
waters; others washed into the water from 
air and soil; still others of wastewater 
origin; nematodes most commonly from 
y sewage effl(uent» ^ " ^ 



Hard to separate "native" from "foreign" 
free-living microbes, due to close 
association of water with soil and other ~" " 
environments; generally speaking, bacteria 
adapted to wetter are those that can grow 
on very low concentrations of nutrient 
and zoomicrobe's adapted to water are 
those that feed on algae, and nematodes, 
especially bacteria eaters, are uncommon 
in water but in large numbers in sewage 
effluent. , 



E More species and lower densities of 

. nxicrobes in clean water and fewer species 
^ and higher denlsities in polluted water. , 

P Pollution-tolerance or nontolerance of V 
microbes closely related to the DO l0vel, 
required in respiration. 

G From pollution viewpoint, the following 
gpoups of microbes ai^e of importance:"^ 
Bacteria, Protozoa, Ne^matoda, and 
Rotifera. • ' . " 

n BACTERIA N ' * ■ 

A No idqal method for ptudjdn^ distribution 
and ecology of bacteria in freshwater, 

- * * ' - (9) \Z 

B According to CollinSi Pseudomohas, 

Achrombact er, Alcall geries ^ Cbromobac- 

? ierium^ Flavpbacterium, and . Micrococcu s 

are the most wi^el^ distributed and may b'e 

W BA.45C.5.80 



• considered as indigenous to natural 
waters. Sulfur and iron bacteria are 
more, common In the bottom mud. 

C^Actinomycetes/ Bacillus sp. Aerogenes 
sp. , and iji^tro gen -"fixation bacteria are 
primarily soil dwellers and may be washed 
into the Vater by runoffs. 

E Nematodes are usually of aerobic sewage 
treatment origin. . ^ * 

D E. coli, streptococci, and CI. pe rfringens 
are true indicators of fecal poUuUon., 

IE PROTOZOA ' ' 

A Classification 

* t 

1 Single- cell animals in the most 
primitive phylum (Protozoa) in the 
animal kingdom. r 

2 A separate kingdom. Protista, Ijo in- 
cli^de protozoa, algae, fungi, and 
bacteria proposed in th^ 2nd edition** 



of'Ward-Whippl 



e's Fresh-Wate r 



3 Four subiihyla or classes: 



Mafetigophora (flagellates)- Subclass 

t)hytomastigina dealt with under ^ 

alg^e; only subclass Zoomastigir\a 

included here; 4 orders: 
* • 

1) Rhizomastigina - with flagellijm 
or flagella and pseudopodia 

2) Protomonadina t With 1 to 2 



flage 
^parks 



mostly free-living man^ ^ 



3) Polymastigina - with 3 to 8 
flagella ;^mostly parasitic in' ^ 
elementary tract 9f ahimals 
and man 

* .* 

4) Hypermas.tigina - a^inh^itants 
, oralimen*.ai*y tract olMaisects. 



4i3 . ■' -^C 



10-1 



Ciliophora^'or Infusoria (ciliates) - 
no pigmented members; 2 classes; / 

1) Ciliata - cilia present during^^bey^ 
whole trophic life; containing 
majority of th^ ciliates 

2) SuQtoria - cilia present while 
youn^and tentacles during ^rophic 
Hfe.* 



Sarcodina (amoebae) - Pseudopodia 
(false feet) for locomotion and ^food- 
capturing; 2 subclasses: 

1) Rhi^poda - Pseudopodia without 
axial filaments; 5 orders: 

a) Proteomyxa - with radiating 
pseudopodia; without test or 
.1* shell 



b) Mycetozo 
reseml?l_ 
formation 




•ming Plasmodium; 
in sporangium ^ 



\ 



c) Amoebina - true anioeba - \ 
fornring lobopodia.^ ' 

d) Testacea - amoeba with single 
test or shell of chitinaus 
material • 

e) Foraminifera amoeba with 1 
» or more shells of calcareous 

nature; practically all marine 
forms 



Sporozoa - no organ of locomotion; 
amoeboid in asexual'ftias^; all 
•parsusitic 



B General* Morphology 

1^ Zoomastiginat' ^ 

.Relatively small size (5 to 40 n);' with 
• the exception^f^JFi;hizomastigina, the ' 
" body has a definite shape {ovsl, leaf- 
like, pear-like, ^tc); common members 
. with 1 or 2 flagella and some>with 3, 4, 
^ or mojre; few formjii'g cfolonies; cyt *ctome 



present in many for feeding. 
2 Ciliophora: 

^ Most highly developed protozoa; with 
few exceptions, 'a macro and a micro- 
nucleus; adoral zone of membranellae, 
mouth, »and groove usually present in 
swimming' and crawling forms, some 
■ with conspicuous ciliation of a disc -like 
interior region and little or no body 
cilia (stalked and shelled forms); 
Suctoria nonmotile (attached) and with- 
out cytostome cysts formed in most. 



^ Sarcodinla: 

Cytoplasmic membrane but no cell wall; 
endoplasm and ectoplasm distinct^or in^. 
distinct; nucleus with small or large 
nucleolus; some with test or shell; 
moving by protruding pseudopodia; few 
Zapable of Hagella transformation; fresh 
. /water actinopods usually sperical with 

many radiating axopodia; some Testacea 
. .containing symbiotic algae and mistaken^ 
\ for pigmented amoebae; cysts with singb 
\or double wall and 1 or 2 nuclei. 



4 Sporozoa: to be mentioned later. 



C General Physiology 
1 Zoomastigina: 

Free-living forms normally holozic; 
4ood supply mostiybacteria in growth 
film on surfaces 'or clumps relatively 
aerobic, the^refore the first protozoa to 
disappear inVnaerobic conditions and 
re-appcaring at recovery; reproduction 
. by simp*te fission or occasionally by 



budding. 



2 Ciliophora: 



Holozoic; tru|^ ciliates concentrating 
food particles by ciliary movement, 
arounc} the mouth part; suctoria sucking 
through tentacles; balcteria and small - 
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. Protozoa^ Nematodes^ and Rotifers 



algae and protozoa'conatitute main 
food under natural condiuons; soinje 
shown in laboratory to thViye otyaesid 
organic matter and serum- protein; not as 
aerobic as flagellates -.some stirviying 
under highly. anaerobic conditions, such 
as Metopus; reproduction by simple 
fission, conjugation or I encystment. 



^ 3 Sarcodina: 



Holozoic; feeding through engulfing by 
pseudopodia; food essentially kame as 
for ciliates; DO requirement somewhat 
similar to ciliates - the small amoebae 
and Testacea frequently present in large 
numbers in sewage effluent and pollutes} 
water; reproduction by simple fission 
and encystation. i 



IV NEMATODES 



A Classification 



1 All in^he phylum /Nemata (non'^egment- 
ed round worms); subdivided by some 
authors into two classes: 



Secernentea 
^ (phasmids) 



3 orders: 



Tylenchida, Rhabditida, Strongylida, 
Srty^eratocephalida; with papillae on 
mal^tail, ca|Udal glands absent. 



Adenophpra - 6 orders: ' 
(aphasmids) 

Araeolaimida, Dorylaimida, 
Chromdorida, Monhysterida, Enoplida, 
and Trichosypingida no paj>illae on 
male caudal glands absent. 



Orders encounteredin water and sewage 
treatment - Free-living foitos inhabitat- 
ing. sewage treatment plants are usually 
bacteria-feeders and those. feeding on 
other nematodes; those inhabitating clean 
waters feeding on plant matters; they 
fall into the following orders: 



Tylenchida - Stylet ia-4»outh; mostly 
plant parasites; some- feed on 
nematodes^ such as Aphelenchoides , ' 

f 

Rhabditida - No stylet in mouth or caudal 
glands In tail; mostly bacteria-feeders; 
common genera: Rhabiditi s, Ddplogaster , 
Dlplogastero^des, Mohochoides, Pelodera, 
Panagrellus , and Turbat^ix. ' 

Dorylaimida - Relatively large nematodes; 
stylet in mouth; feeding on other nematodes, 
aigae and probably zoomicrobes; Dorylaim us 
common genus. 



Chromadorida t Many marine forms; 
some f^^e'shwater dwellers feeding on 
iia^acterized b^strong orna- 
ntaftioh of knobs, bristles or 
punc^atioM in cuticle. ^ / 



McHihysterida - Freshwater dwellers; 
esophago-intestinal valve spherical to 
elongated; ovaries single or paired, 
usually "straight; common genus in 
water - Monhystera. 

Enoplida - HeacJ usually with a number 
of setae; Cobb reported one genu^, . 
Mononchulus, in sand filters in 
^Washington, D. C^ . 



B General Morphology 



Round, slender, nonsegmente^transverse 
• markings, in. cuticlejof some) worms; 
some small (aboutyl mm long, as Tri- 
cephalobus ), matly 1 to 2 mm long 
(Rhabditis, Dinlogaster. and f)iploga8ter lodes 
for instance), and some large (2 to 7. mm, 
such as Dory 1 aim us ) ex separated but few 
parthenog^n^tic;* complete alimentary canal; 

with elaborate njouth parts with or with out . ^ 

stylet; comjDlete reproductive system in * 
each sex; no circulatory or res^ratory 
system; coniplex nervous system with 
conspicuous nerve ring across oesophagus. 



C General Physiology 

1 Feeding - Most sewage ti^eatment plant 
dwellers feeding 6n bacteria; others 
preying onprotozoa,»nematodes, ;:otifers/^ 



ERIC 



121 ■ * 



10-3 



.etc, clean-water species ap^rently/ 
vegetarians; those with stylet in mqtith 
use the latter to pierce the body of/animal* 
or plant and suck contents; metabolic 
wa§te mostly liquid containing ammonium 

. ckrbonat6 or bicarbonate; enteric . 

, pathogens swallowed randomly with 
susperTding fluid, hence remote pos9i- 
bHity of sewage effluent-borne nematodes 
being pathogen-carriers. V'* 

. .Oxygen requirement - DO. apparently / 
diffused th^^ough cuticle into body; DO 
recjulrement somewhat sirniiar to 
protozoa; Rhabditis t(Sle rating reduced 
DP better than other Rhabditida members;^ 
ajl disappear under sepsis in liquid; some:' 
thrive in drying sludge. 

Reproduction - Normal life cycle requires 
mating, egg with embryo formation, , 
- hatching of eggs inside or outsiiie femals, 
4 larval stages, and adult; few repro- 
duce in the absence of males. ^ 



Keratella, Mono sty la, Trichocerca , 
Asplapchna , Polyarthi»a , Synchaeta , , 
Microcolon ; common genera und^r the \ 
order Fitjsculariaceae: Floscularia, 
and Atrochus. Common genera unqler 
order Melicertida: Limnias and . 
Conochilus. ^ * " 



V ROTIFERS - 
A Classification^, 



Classified either as a class of the phylum 
Aschelminthes (various forms of worms) 
or as a separate' phylum (Rotifera); com- 
monly called whpel animalcules, on 
account df ^parent circular movement of 
cilia around hea,(d (corona); corona con- 
tracted wlvsn orawjlng or swimming aiid 
exJ>anded^whery irfmched to catch food. 

Of the 3 clasps,' '2 (Seisopi^eaand 
Bdello^dea) groaped by sonie^ authors - ^ 
under DigorjOnta (2j oVariesj and the 
other beih^/jMonogonontai ( 1 ovary) ; . 
5eisonide^ containinig mostly marine 
forms, y'' I 

Class Digononta containing 1 order 
(Bdelloida)* with 4* families, 'Philodrnedae " 
being the most ii5(iportant* 

''Class Monogononta comprising 3 orcjef'si-; 
Notommatida fmouth not near center-6f 
corona) with 14 families, Floscularida * 
Melicertida fcorona with two wreaths^ of 
cilia and furrow between thenrr) with 3 , 
families; most import genera included 
in the order Notommatida: Brachionua, 



5 Unfortunately orders and familie^of ^ 
rotirers partly based on character of * 
corona and t^pophi (chewing organ), 
which are difficult to study, esp, the 
. ' latter; the foot and cuticle much ea^^ier 
.to study. 

B, General: Mofpliology and Physiology 

1 Body weakly differentiated into head^ 
neck, trunk, and foot, sep^arated by 
folds; in some, these regions are 

. merely gradual changes in diameter 
of body and without a separate neck- 
segmentation external only. 

' 2 Head with corona^ dosal antennawand 

ventral mouth; mastax, a chewing organ, 
- located in head and neck, connected to / 
mDuth^nteriorly by a ciliated^ ullet and' 
posteriorly to la large s^omaji occupy%g 
^ much' of the trunk. J/ 

3 Common rotifers reproducing partheno- 
genetically by diploid eggs; eggs laid in 
w^ter, cepiented to plants, or carried 
on female until hatching. ^ ' 

Foot, a prolongation of body, usuaUy 
with 2 ^oes; feome with one toe; Some * 
with one toe and an extra toe -like 
structure (dorsal spur). 



^pme, like Phlilodina , concentrating 
bacteria and" other microbes apd minute 
particulate organic matter % ciliary 
movement on corona larger~microbes 
chewed by mastax; some such jts ^ 
Monostyla feeding orrelumped matter, 

' such as bacterial growth, fungal massed, 
etc. at bottom;'virus genferall^j not 
ingested - apparently undetecfeB by 
cilia. 

DO requirement somewhat similai* to 
protozoa; 1§ome disappearing upder 
reduced DO, others, likfe Philodina , 
surviving at as little as \ ppm DO. 
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VI SANITARY SIGNIFICANCE 

A Pollution tolerant and pollution non- 
tolei»pt species - hard to differentiate - 
redwing specialist training in protozoa, 
nematodes, and rotifers. ^ 

B Significant quemtitative difference in clean 
and polluted waters - clean waters con- 
taining largeVariety of genera and species 
but quite Iqw ii} densities. 

C Aerobic sewage treatment processes ^ 
(trickling filters and activated sludge 
'processes, even primary settling) ideal 
breeding grounds for those that ffeed on' 
bacteria, fungi, and mlnutesirotozoa and 
present in very large numbers; effluents 
from'^dTprocesses carrying large num- 
bers of the^e zoomicrobes; naturcil waters 
receiving such isffluerits show^ing significant 
increase in all 3 categories. 

D Possible Pathogen and Pathogen Carriers 

1 Naegleria causing swimming associated 
meningoencephalitis and Acanthameoba 
causlng^nonswimming associated cases* 

2 Amdebaa and nematodes grown 6n 
pathogenic enteric bacterid in lab; none 
alive in amoebic cysts; very few alive 

in nemat^odes after 2 days after Ingestion; 
,v^u3 demonstrated in nematodes only 
vlt^en very high virus concentrations^ ^ 
present; sOmeTreeliving amoebae 
parasitizing humans. 

^ Swimming ciliates and some rotifers 
(concentrating food by corona) ingesting 
large numbS'rs of pathogenic enertic 
bacteria, but digestion rapid; no , 
. evidence of concentrating virus; crawling 
ciliates and flagellates feeding on. clumped 
organisms^ ' ; ^ 
* 

o4 Nematodes concentrated from sewage 

effluent in Cincinnati area sho^^ring ; 
live^. coli and streptococci, but no / 
human ene^ic pathogens. 

I EXAMINATION OF WATER FOR MICROBES 

A Bacteria - npt desilt here. 



B Protozoa and rotifers ^ should be Included 
in examination for planktonic microbes, 

C Nematodes 

(3) 

D Laboratory Apparatus 

1 Sample Bottles - One- gallon glass or 
plastic bottles with nietal or plastic « ' , 
screw caps, thoroughly washed and 
rinsed three times with distilled water. 

2 Cap illary Pipettes and Rubber j|ulbs - 
Long (9 in. ) Pasteur capillary pipettes 
and rubber bulbs of 2 ml capacity. 

3 Filtration Unit - Any filter holder' 
assembly used in bacteriological 
examination. The funnel should be 
at least 650 ml and the filter flask at 
least 2 liter capacity. 

J 4* Filter _ Memb rane s - Millepore SS {SS 
^ 047 MM) type membranes or equivalent, 

5 Microscop e - Binocular microscope 
with lOX eyepiece, 4X, lOX, and 43X , 
objectives, and n^echanical stage, 

E Collection of Water Samples 

Samples are collected in the same manner- . 
as those for bacteriological examination, 
except that a dechlorinatlng agent is not: 
" needed. One-half to one gallon samples are 
collected from raw Water and one- gallon 
samples from Vap water. Refrigeration is 
not essential and samples may be transported 
without it unless examination is to be delayed 
for more than' five days. 

F Concentration of Samples 

1 One gallon of tap water can usually be 
filtered through a single 8-u membrane 
within 15 minutes unless the water has ^ 
high turbidity. ^^At least one gallon of 
sample should be used InTi single examina- 
tion. Inunedlately after the last of the 
water is disappearing from the membrane, 
the suction line is disconnected and the 
membrane placed on the wall of a clean 
50 to 100 ml beaker and flushed repeatedly 
,with about 2-5 ml of sterUe distilled water 
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with the aid of a'capiUary pipette and a 
rubber bulb. The concentrate is then 
pipetted into a clean Sedgewick-Rafter « 
Counting Cell and is ready for examina- 
tion • -N 

; 2 Ip concentration of raw water samples 
having visible turbidity, tWo to four 
8-iriicron membrei^e^. may be required 
per sample, with filtration through each 
mtf^brane being limited to not more 
than 30 minutes. Samples ranging from 
500 ml to 2- liters may be filtered with 
oas membrane, depending on degree of 
turbidity. After filtration the membranes 
are placed 5n the walls of separated 
beakers and washed as above. To 
prevent the particulates from oDscUring 
the nematodes, the washing from each 
filter is examined^in a separate counting 
chamber . 

G 'Direct Microscopic Examination^ 

Each counting chi^mber containing the 
filter concentrate is first examined under 
a 4X objective. Unless the concentrate 
contains more than 100 worms/ th^ whole 
cell area is surveyed for nematodes, with 
respect to number, develbpmerttal stage, 
and motility. When an object having an 
outline resembling that of a nematode is 
observedj^it is rerexamined under a lOX 
objective for anatomical structures, unless 
the object exhibits typical nematode move- 
ment, which is sufficient* for identifying the 
object as a nematode. When the concentrate 
contains more than 100 worms, the worm 
density can be estimated by counting the 
number of-worms in representative micro- 
scopic fields and multiplying the average 
number of worms per field by the number 
of fields in the cell '^rea. The nematode 
density may be expressed as number of 
worms' per gallon with or without differenti- 
ation as to adult or larval stages or as to 
vi'ability. 

H* General Identification *of Nematodes 

1 While actively motile nematodes can be • 
readily recognized by any person who 
has some general concept of micro- 
scopic animals, the nonmotile or 



sluggishly motile nematodes maj be 
confused with root fibers, plant fila- 
ments of various types," elongated 
ciliates such as Homalozoo n vernii- 
culare . or segments of appendages jof 
small Crustacea. To facilitate a^ 
genferal identification of nematodes, the 
groins morphology of three of the free- 
living nematodes that are frequently 
found in water supplies is sh^wn in the 
attached drawing. The drawing provides 
not only the generalanatomy for recogni- 
tion of nematodes but also most of the 
essential structures for guidance to those 
who want to use the "Key to Gerxera" in 
chapter No. 15 on Nemata by B. G, 
Chitwood and M, W, Allen in the book, 
fe'resh Water Biofogy. ^^Q) 

2 Under normal conditions, practically 
all nematodes seen in samples of 
finished water are in various larval 
stages and will range from 100 to 500 
microns*in length and 10 to 40 microhs 
in width. Except in the fourth (last) 
stage, the larvae have no sexual organs 
but show othet* structural characteristics. 

3 If identification of genera -is desired, 
the filter washings are ceptrifuged at 
500 fpni for a few minutes, 'The 
supernate is discarded, except a few 
drops, and the sediment is resuspended 
in the remaining water. A drop of^the 
final suspension is e'kamined under both 
lOX and 43X objectives for anatomical 
characteristics, without staining, and for 
supplementary study of structures the 
r§st is fixed in 5% formalin or other ' 
fixation fluid and stain**d according to - 
instructions given in Chitwood and 
Allefi^s ,Chapter on Nemata, : 
Qoodey*s Soil and Freshwater Nema* ♦ 
todes^^^) or other bboks on nematology. 



VUI USE OF ZOOMICROBES AS ^ 
POLLUTION INDEX 

I 

• s» 

A Idea not new, protozoa suggested long ago; 
many considered impractical because of 
the need of identifying pollution-intolerant 
and pollution-tolerant specie's- - proto- 
zoologist required. Method also time 
consuming. ' • * • 



Protozoa; Nematodes^ and Rotifers * 



B Can use them on a quantitative basis - 
nematodes, and nonpigmented 
protozoa present in small numbers in 
clean water. Numbers greatly increased 
when polluted, ;^ith effluent from aerobic 
trecatment pllfnt or recovering from sewage 
pollution; no significanrerror introduced 
"^when clean- water members included in the 
enumeration if a suitable method of com- 
puting the pollution index developed. 

C Most practical method involves the 
equatibn: AjHB +JOOO^C = Z.P. I., 

. A " ^ . 

where 

A =5 number of pigmented protozoa, ' 
B = non pigmented protozoa, and 
' C = nematodes in a unit volume of sample, 
and Z.P.I. « zoological p-ollution index. 
For relatively clean water, the value of 
Z.P.I, close to I; the larger the value 
above 1, the greater the pollution by aerobic 
effluent (see attached report on zoomicrobial 
indicator of water pollution). 



CONTROL 




A^Chlorination of effluent 



B Prolongation of detention time of efilu^nt^ y 

C Elimination of slow sand filters in 
nematode control. 

liST OF COMMON ZOOLOGICAL ORGANISMS 
FOUND IN AEROBIC SEWAGE TREATMENT 
PROCESS 



PROTOZOA 

Sarcodina - Amoebae 

Amoeba proteus ; A Tadiosa^ 
Hartmannella • - 

A rcella Vulgaris 
Noegleria gruberi 
A ctinophrys 



ERLC 
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FLAGELLATA • 
Bodo caudatus 
P leuromonas jaculans 

Oikomonas term o r 
Cercomonas longicauda 
Peranenia trichophorum • 

Swimming type 
Ciliophora: 

Colpidium colpoda 
Colpoda cuculus 

Glaucoma pyriformis - - ^ 
Paramecium candatutn ; P bursaria ' 

Stalked type - 

Ope rc vi laria sp . (short stalk dichotomous) 

V 

Vorticella sp. (stalk single and contractile) 

' (like opercularla, more 

colonial, stallj not contractile) 

Carchesium sp. (lik^ vorticella but colonial, 
individual zooids contracttle) 

Zooth a m n ium sp., (entire colony contracts) 

Crawling type * / ^ • 

Asplclsca costata 

Euplotes patella ' ' . 

■ Stylonychia mylltus 
Urostyla sp, 
Oxytiricha sp. ' 



NEMATODA 

Diplogaster sp. 
Monochoides sp. 



Dorylaniu s sp. 
Chlindrocorpus sp. 



Diplog asteroldes sp . Ceph,alobu s sp . 

Rhabdlti s sp. - ^ ^]2Sl&^i^J^iHlHS.^P* 
Peloder a .sp. Monhyster a sp. 

Aphele nchp ideg sp. * ^rilobus sp. 
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Prc^zoa^ Nematodes^ Rotife rs 



ROTATORIA 

Digl ena 

, Mo |iostyla 

P olyar thra 

PhUodi na 

Keratel la' 

Bra c hionus 
OLIGOCHAETA (bristle worms) 

Aelosoi rih hemprlchi 

Aulophoru s li mosa 

Tubifex tublfex 

LumbriciUus lineatus 



INSEte1( LARVAE * ^ 

Chironomus 

* 

Psychoda sp. (trickling filter fly) 
ARTHROPODA . 
Le ssertia sp, 

Por rhomma sp , . . 

Achoratu^ sub uiat j^u s (coUembola). 
Folsom ia sp. (collenlbola) 
Toxnocerus sp. (collembola) 
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Protozoa, Nematodes, and jBji)tifers ^ 



Effluent 



TR RR 
FILTERS 



AERATION 
TANKS 



TR FILTERS 



Insects 



01igochaetes'& 
insect larvae' 



Nematodes 
& rotifers 

[\ '\- \ 



Nonpi^mented 
protozoa 

-tH-4 



Heterotrophic 
bacteria 



Fungi 



Algae 



Autoti*ophic bacteria . 



Pathogenic organisms^ 




ed of^ganic matter 
(by hydrolysis) 



Dissolved organic matter 



(respiration, 
. deamination, 

decarboxylation, etc.) 





Inorganic C, P, N, 
S comp» 

(NHg. NO". CO3. P) 



(Nitrification, sulfur 
& iron bacteria) 



Raw Sewage 



Food Chain in Aerobic^ Sewage Treatment Processes 



The same sequences and processes occur 
in polluted streams and streams*^ receiving 
treated wastes* 



ACTIVATED SLUDGE 
PROTOZOA 



Larger animals (worms, snails, fly larvae, 
etc, ) dominate tricKling filters. Why are 
these always absent from the activated 
sludge process? 


1 . , 






• 


Why are there numerous micro-species 
common to both trickling filters %nd 
activated sludge? 


2 


• 






What organisms besides protozoans and * 
animals are present in activated sludge? . 


3 






' \ 


What is the advantage(s) of microscopic 
examination of activated sludge? 


4 


- 






One saomphng site would be the one of choice 
in sampling dfi activated sludge plant for 
microscopic analysis. Why? Where? 


5 » • 




• 




What organisms predominate in activated 
sludge? 


6 




« 




Why are photosynthetic green plants (in 
contrast to animals) basically absent from 
the activated sludge process in general and 
mixed liquor specifically? 


7 - ' 








Why are the same identical species of protozoa 
fqwd in activated sludge plants all over the 
world? 


8 


• 







What is; the significance of a microscopic 
examination of mixed^liquor? 


9 








Define gmd characterize: 

Activated Sludge . 
.Mixed Liquor * 
Floes 


10 




• 




vvnai IS tne reiaUsPn uctwctiii uauwci lai/ • 
protozoan populations in activated sludge 
and the process itself? 










-I , ' - 

At what t9tal magnification were*you able lo 
believe the smallest cells observed**wjBre in 
fact bacteria? * * 


12 




• ♦ 




Activated sludge is a dynamic (although 
man -manipulated) ecosystem. How..does' 
it differ from a natural ecosystem? 


13 









« rn?r>^I«^ND. 14a. 6.76 
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^ \ Activated'SlUdge Protozoa 



What is the greatest problem(s) with a wet ' 14 
mount slide preparation? ' ^ 



How do you overcome these disadvantages? 15 



How do you slpw down fast moving prbtozoans 16 
on a wet mount? 



Why are quantitative counts of protozoa (like 17 
number/ ml) generally meaningless? 



What is the significance of proportional 18 
counts? 



Scanning a slide (in making a count) should 19 

generally be done at ^X. (Total 

magnification) 



The iris diaphrt^gm on the'microscope is 20 
used to adjust light intensify (true-false). 



Why is the thinnest film most ideal for a 22 
wet mount? \ 



Why sample the surface film of the 21- ^ • 

settleometer? ^ > *^ 



What did you learn from the microscopic * 23 
examination' of the activated sludge? 



What is the physical nature of the floes 
obsem^ved? _ , 


24 


r * 

< 

■T 2 




What filamentous organisms were 
observed? 


25* 


■ 


>- 


Why are "rare" species of no practical 
significance in microscop|^analyses of 
activated sludge? 


26 


t 




Why are there no protozoan indicator species 
of process efficiency in activated%lu<^ge? 








Activated sludge'^iological communities, 
are temporal in contrast to biological 
.communities in trickling filters which 
are spatial^jtTRUE/ FALSE). 


28 




am 


"Seeding" a newly started activated sludge 


29 







l>lant with -cultures or material from other 
plants is only a wasted effort (TRUE/ FALSE). 
Justify. your answer. - . - 



\ I. 



Activaled Sludge* Protozoa 





9 




if a wet mount slide' of mixed liquor is 
prepared and placed in*a petri dish wit^ a 
wet blotter underneath and allowed to Sit * 
for s.everal,hours, what will be the distri- 
bution of the protozoa under the cover slip? 


■ 30 

* . 




In a mixed liquor sample nearly all of the 
stalked ciliates have "broken off", the stalks 
and are fre^swiniming as "telotrochs^ " 
What doe Sethis indicate? sa* 


31 - 


I 


What are Mon^j^s? And are they good, l^ad, 
^or indifferent in activated sludge? 


—I — s — 
32 




What are hypotrichs or crawling ciliates, 
and are they good, bad or indifferent irj 
activated sludge? * ^ o ^ 


33 


- ■ '\ ' ' 

1 - ^ . 


What are swimming ciliates,' and are they 
'>good,,bad or indifferent in activated sludge? 


34 




What are flagellates, and are they good, bad 
or indifferent in activated sludge? 




0 


What are amoebae, and are they good, bad, 
or indifferent in activat^d^ sluqjge? - 


36 




What are the ideal characteristics of a wet 
"mojint slide preparation^? 


^ 37 . 




Why does total community give- a* betfer ^ 
indication of process efficiency in activated 
sludge? ^ - * 


0 

38 — 


0 « 


0 ^ 0 - 

In observing and identifying protozoa one looks 39 

for what characteristics of an individual 

organism? <> . \ 


• ' B 0 ^ 

V . ' 

Q <^ ' ' 

0 O 0 ^ 


What is thexole of bacteria in activated ^ 
sludge? * ^ 


.40 ' 




u , 

. Whatsis tHe role of j>rotozoa in 'activated 
sludge?" 


41; 


* 1 o 


Microscopic fitnalysis of mixed lifquor 
sample can be very quick, simple, and 
meaningful (TRUE/ FALSE). ^ . 


42 • ' • 


• • 

• 



. ♦/ 
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^Activated Sludge Protozoa ; 



. Protozoan communities present in activated 43 
'sludge reveal: 

a. Plant efficiency 

b. Settl/abillty ^ ^' 

c. BODjremoval 

d. Solids removal 
^ ev' Plant ibawjing , ^ ^ 

(Circle applicable descriptions) 



Prptozoan communities in activated sludge ' 44 
■^reveal complete and ^stantanebus fcopditions; ^ 

average of physical and chemical conditions; 
^e^remf s of chemical and physical conditions, \ 

(Draw a line through phrasjes no't'true, ) 



Rank in increasing plant efficiency the 45 
*following pfotoz'oan group which would pre- 
dominate. 

^Rotifers 

^ ^Stalked ciliates ^ 

Amoebae 



Swimming ciliatts 
Crawling Ciliates 
Flagellates 



(For exan 
startup CO 



pie, use number 1-6. One would be 
iditions or least efficient* and six 



wojild be the jnost efficient. ) 



Identification is usually done at X and 
sometimes requires X. 


46 ■ . 






Immersion oil should be used sparingly at 
what two points on a slide ? 


47 


*> 




Which comes first in microscopic examina- 
tion; scanning at low power to pick out 
unknowns or higher power to identify?^ 


48 


t 




In making proportional count, which total 
number to count would be better; total of ten 
• Organisms or a total of 100 organisms? Why? 


49 

A- 

;^ ■ • ' 


0 




Why not kill the organisms so you can , 
identify. and count them on the slide? 


50 ^ • 




— 


,What simple chemical solutions are useful 
to immobilize protozoa if metHyl cellulose 
or polyvinyl alcohol is hot available? 


4 










1 





Activated Sludge Protozoa 



Initially the wet mount slide should be 5S 
racked up close to the low power objectivet( 
by your eye on the eyepiece through the » 
scope; or by glancing at the actual distance - 
with the naked eye While you rotate the 
coarse adjustment knob. (Underline which) , j 



What are par-focal objectives on the 
microscope? 


D 0 






V 


♦ 


1 — 

Why should water on the n^icroscope and all 

its parts be carefully avoided? 

, « \ 


54 




- i 


\ 


( 


if- activated sludge is a mah manipu^atied 
system, acre tKere comparable, ndtuMl-^ 
ecosystems? Exa'hiple? 












1 ' ' — ' ' 

What is the " community" concept in exami* 

jiation oractivated sludge? 


56 


> 








What aVe the applications o'f direct micro- • 
scoplst ejcamlnation of activated sludge? iv 


57 


* 








What are rotifers, and are they good, bad - ' 
*of indifferent in activated sludge? * 


58 

* 


— : — / 






' 



List the five kingdoms of organisms^nd give 59 
a specific example for each. ' 



What techniques are most useful in * 60 
identifying an unknown organism, and why 
is correct identification important? 



Scanning and counting is done at » X 61 
magnification. Identification of most ^ ■ 

PROTOZOA usually requires X 

-magnification and occassionally X 
magnification. .1- . * . 



\ 



OBJ. 


TOTAL MAG. USE ■ 


62 




*3.5 X . 








10 X 




• • 




40 X 









100 X 



Activated ^*^lMdge Protozoa 



hand is constantly operating the 63 



hand is'^constantly, operating the 



The microscope is manually operated and 
requires skill and understanding on the part 
of the-operator. A microscope no matter - 
how costly is only as good as the micro- 
scopist operating it. 



List the basic skills required in utilizing the 64 
optimum capabfi^ty of your microscope. 



This outline v^aB^ prepared liy^^R. M. Sinclair, 
.INlatlonal Training tifepter, MOTD, OWPO, 
USEPA, Cincinnati, Ohio 45268. 
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Descriptors: ^icroorgsynismsV Protozoa,^ 
Rotifers, Activated Sludge, Biota ^ 
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FREE- LIVING AMOEBAE AND NEMATODES 



I FREE- UVJNG AMOEBAE 

Ji Importance of Recognizing Small, 
Firee- Living Amoebae in Water 
- • Supplies 

1 Commonly found £n soil, aerobic 
sewage effluent and natural, fresh 
waters - hence, frequently en- 
countered in examination of raw 
watei;^". " 

2 Cfstk, not. infrequently found in 
ifuniclpal supplies - not pathogen 

arriers, 

\V 




^_ lagellSt,e-^moabae Naeg leria 
involve<Hn^O some cases of ■ 
meningoeacephalitis, about half . 
in the UrS. ; associated with 
swimming in small warm lakes. 
Acanthamoeba rtr^odes parasitizing 
hyman throats and causing (3 cases) 
nonswimming- associated meningo- 
encephalitis. 



C Morphological Chpiracteristics of 
Small, i'^ree- Living Amoebae 

1 Morphology of Trophozoites'- - 
Eetoplajsm and endoplasm usually 
distinct; nucleus with large nucleolus. 

2 Morphology of cysts - Single or 
double wall with or without pores 

D Cultural Charact^rijJtics of Small,' 
Free - Living- Amoebae 

1 How to cultivate these amoebae 
p]Ates with bacteria; cell cultures, 
axenic culture. 

2 Growth characteristics on plate, / 
cell, and axenic culture 

3 Complex growth requirements 

for most o; these amoebae 

♦ • 

E Resistance of -^oebic Cysts to • 
' Phy'sical and Chemical Agents 



4 C ysts go t to be confused with those 
of Endamoeba histolytica in water- 
born-^ epidemics. 

B Classification of Small, Free- Living 
Amoebae 

1 Recognized classification based 
on characteristics in mitosis. 

# 

2 ^ Common species fall into tife 

following families and gertera: 

Family Schizopyrenidae: ^Genera 
Naegleria , Di dascalus , sind 
Schizop ymiui - first- two be^g 
flagellate amoebae. 
' * • 

Family Hartnaannellidae: Genera 
Hai^ anella (Acantha moeba ) ^ 

3 Hqw to prepare materiale-for 
studying mitosis ^ Peulgen stain 



II FREE- LIVING NEMATODES 

A Classification of Those Commonly ' 
- Found 4n Water Supplies 

1 Phasmidia (Secerneutes): 
Genera Rhabdit is, Diplogaster^ 
D iplo g^uster oid es^ Cheilo^us" 

2 Apliasmidia (Adenophoro): Genera 
Monhystera, A phelenchus ^ Turba trix- 
(vinegar eel), 52£Ji?lE?ii?i 

^ Rhabdolajjius 

B Morphological Features ^ 

1 Phasmids: papilla'^oh tail of males, 
^ mouth adapted to feed on bacteria, 

few exceptions. " ' 

*» 

. 2 Apliasmids: no papilla on male t^il;r 
, glandular cells in naale, , 
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• Amoebae aind Nematodes in Water Sup pli e s 




" C life Cycle 

1 Me^ods "of mating 

2 Stages of development 

3 Parthenogenesis 
b Cidtivation 

1 Bacteria-fed., cultures 

2 Ax enic* cultures 

E Occurx'enae in Water Supplies 

A 1 . Relationship between Ih^r^* 
) » appearance in finished>w^r 
and that In raw water. 



S 



2 I Frequency of occurrence in 
* dlffefent types of^raw water 
and sources* 



3 Survival of human enteric path- 
ogenlc baclferia and viruses in 
nematodes. 

» 

4 Protection of human enteric 
pathogenic bacteria and viruses 
in nematode- carriers. 



F Control • 



r 



) 1 Chlorination of s%wage=-^effluent 

2 Flocculation and sej^imentatioa 
• of water » 

3 Chlorination of water 

4 Other methods of destruction 
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SUGGESTED, CLASSUi'lCATlON OF SMALL AMOEBAE 

Subphylutn: Sarcodina Hertwig and Lesser 

^31a33: ^ Rhizopoda von Slebold 

Subclass: Amoebaea Butschli • . * 

Order: Amoebida Calkins and Ehrenberg ^ 

'Superfamily: Amoebaceae - free-living 

^ (Endat|ioebaceae - parasitic in animals) 
* . • ■ ^ 

. Family: Schlzopyrenldae - active Umax form common; transclent 
* flagellates present or absent! nucleonus-orlgin of 

polar masses; polar caps and interzonal bodlep^resent 
*br absent * < 

, ' ' " Genus: Schlzo pjrrenu s - no transclent flagellates; single-walled 
/' " cysts; no polar caps or interzonal bodies in mitosis 

Species: S. erythaenug a - reddish orange pigment formed in agar 
ctiltures with gram-negative bacillary bacteria 

S, rusgeUi - no pigment produced in agar -cultures 

Genus: . Kdas calus^- morphology and cytology similar to 'Schiz opyrenus 
but small numbers of transclent flagellates formed at tinies 

i^ecles: D, th omton l only species described by Singh (1952) 

. \ ' Genus: Naegleria Alexeleff - double-walled cysts; transclent 
\ flagellates formed readily; polar caps and interzonal 

bodies present in mitosis 

^ • Specie*: 'N, gruberi (Schardinger) - only species established; 

^ Slngirri952) disclaimed the N. jolt he described in 1,951 

.Family: , .Hartmknnellidae - no transclent flagellate formed; motility 

sluggishj no Umax^form; nucleolus disappearing, probably 
N ' forming spindle in mitosis; no pols^r caps or masses, aster 

% * and centrosome not known ^ * 

• .* * 

Genus: ^^JSSSHJiSlJS * ectoplasm clear or less granular than * 
} , endoplasm; single-walled cysts; single vacuole 

Species: H* glebae - clear ectoplasm. 



H* agricola - ectoplasm less granular than endoplasm 

Genus: ^SSH^l^SHiS^fe " filamentous processes from ecto- or 

endoplasm; gra^ring axenlcally in fluid bacteriological 
^ ,^medl^ 

137 ' \ ' ' 12-3 
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Suggested CXassif icatioa of S mall Amoebae 



Species: A, rhJCfS^^ 

Genus: Singhella -^^double-walled cysts; ecto- and endoplasm 
indistinguishable; many vacuolea 

Species : §r?Sl}2SL^^££i2^S^KH? 
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ANIMAL PLANKTON 
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I INTRODUCTION 

A PlanktoiHc animals or zooplankton are 
found in nearly every major group of 
animals. 

1 ' Truly plahktonic species (euplankton) 

spend all or most of their active life 
yOycle- suspended in the ,water. Three 
^ grqups are predominantly involved in 
* fresh water; the protozoa, rotifers, 
V suid microcrustjcfe'ea. 

* ^ * V 

2 Transient planktonic phases such as 
floating eggs and cysts, and lai*v^l 

- stages occur in man^ dther groups. « 

B Many forms are strictly seasonal in 
occurrence. 

C Certain rare forms occur in great numbers 
At unpredictable intervals. j 

D Techniques of collection, preservation, 
and identification strongly influence-^the 
, species reported. / - 

E In oceanographic work, the zoopLaAkton is 
considered to include many relatively large 
anitnals such as siphonophpres, ctehopliores^ 
hepteropods, pteropods, arrowwprms, anci 
eiiphausid shrimp* 

F The plant-like or phytoplankton on the 
Qther hand are essentisily similar in all 
waters, and are the nutritional foundation 
for the animal community. • 



n PHYLUlSl PROTOZOA 

A The three typically free living classes, 
Mastigophora, Rhizopoda, and Ciliophora, 
all have plahktonic representatives. As'' 
a group however, the majority of the phylum 
is benthic or bottom-loving.'' Nearly any 
of'^the.benthic forms may occasionally be 
w^ashe'd up into the overlying waters and 
thus be collected along with the euplankton. 

B Class mastigophora, the nonpigmented 
zooflagellates. 

Tljiese have frequently been confused with 
the phytomastigina or plant-like flagellates. 
The distinction "is made here on the basis 
♦of the presence or absence of chlorophyll 
as ^uggestedW^y Palmer 'and Ingram 1955. 



(Note Figure: Nonpigmehted, Non-Oxygen 
Producing Protozoan Flagellates in the^ 
outline Oxygen RelationsMps. ) 

1 Commonly encountered genera 
Bodo 

P era n ema 

2 Frequently associated with eutrophic 
conditions 

C Class Rhizopoda - amoeboid protozoans 

1 Forms commonly encountered as 
p^lankton: . * 



Chaos 
Arcella 
DifHugU 
Euglypha 



^moeba) 

Centr o pyxis 

Heliozoa 
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2 Cysts of some types may be encountered 
in water plants br* distribution systems; 
rarely in plankton of open lake§ or 

^ reservoirs. a 

D Class Ciliophora 

1 Certain "attached" forms often found 
floating freely with plankton: ^ 

Vorticella 

Carche sium . 

2 Naked, unattached ciliates» Halter ia 
one of commonest in this group! Various 
heavily ciliated foyms (holotrichs) may 

• occur from time to time Quch as 
Colpidium , Enchel y^, etc. 

3. Ciliates protected by a shell or test 
(testaceous) are most often recorded 
from preserved samples. Particularly^* ' 
common in* the experience of the National 
^ater Quality Sampling Network are: 

Codonella fluvl atile * 

Codon ella cratera 

Tintlnn idium (usually with organic matter) 
Tintinn opgis 



Animal Plankt 



in PHYLUM ROTIFERA 



"A Some forms such as Anuraea cochleari s 
and Asplanchna pj^idonta tend to be present 
at all times ot the year. Others such as 
glptholca stri ata, N> longispina and Poly 
arthra platyptera are reported to be essen- 
uaiiy winter lorms. . 

B •Species in approximate order of descending 
frequency currently recorded by National • 
Wat^r. Quality Sampling Network are: * 

Keratella cochlear is 

Polyarthra vulgaris 

X Synchaeta pectinat a 

B rachionus quadridentata 

Tr i chocerca longiseta 

Rotaria sp . 

» 71 

Filinia Ibngiset si ^ 

Kellicottia longispina 

Pompholyx sp . 

C Benthic species almost without number may 
be collected witi^t^jhe plankton from time to 
time. ' 



IV PHYLUM ARTHROPODA 

A Class Crustacea 

1 The Class Crustacea includes the lar'ger 
common freshwater euplankton. They 
are also the greatest planktonic consum- 
ers of basic nutrients in the form of 
phytoplankton, and are them'selves the 
greatest planktonic contribution to the 
food of fishes. Most^of them are herb- 
ivorous. Two. groups, the cladocera 
and the copepods are most'conspibuous. 

, 2 Cladocera (Subclass^ Branchiopoda, 
Order CladoceraVw Water Fleas 

a Life History 

1) During most of the year, eggs 

which will develop* without fertil- 
- ization (parthenogenetic) are 
' ' ' deposited by the female in ^ dorsal 
. brood chamber. Here they hatch 
s ir^to minature adults which escape 
and swini away. 



2) As unfavorable conditions develop, 
males-appear-,-and-'tMck-'walled • 

sexual eggs are enclosed in egg • 
'cases called ephippia which can . 
.often endure freezing and drying. 

3) Sexual reproduction may occur 
at different seasons in different 
species. 

4) Individuals of a great range of 
sizes, and even ephippia, are 

V thus encountered in the plankton, 
but there is no "l^arval*' form. 

b Seasonal variation - Considerable 
• variation may occur between winter 
and 'summer forms of the same 
species in some cases. Similar 
variation also occurs between arctic 
and tropical, situations. 

c Forms commonly encountered as 
open water plankton include: 

Bosmin a longirostris'^nd others 

Daph nia galeata an^^hers 

Othler fess common genera are: 

Diaphanosoma, Chydorus, Sida, ^ 
Scroperus, C eriod aphnia, Bytho - 
trephes j"a niJlhe caBnfvor oiis , 
Leptodora and Polyphemus . 

d I Heavy blooms of Cladocerans may 
build up in eutrophic waters. 

The copepods (order Copepoda) are the 
perennial microorustacea of open waters, 
both fresh and marine. They are the 
most ubiquitous of animal plankton. 

a Cycl ops, is the genus most often 
rourici by the National Water Quality 
Sampling Network activities. Eucy. 
clop s, Paracyclops, Diapt o mus> 
C anIK oc am p^s , *!^i s c hur a", " and 
Lilmnoc 'alanus are other forms 
reported to be planktonip. 

b Copepods hatch into a minute char- 
acteristic lapyae called a naiplius 
which, differs considerably from the 
adults.* After five or six moults, the 
copepodid stage is /*eached, and after" 
six more moults, the adult. These 
larval stages are often encountered 
arrd are difficult to identify. 



« Insecta - 

Only a few kinds of insect that can be 
ranked as a truly planktdnic. Mainly 
the phantom midge* fly Chaborus ; 

The larva of this insect has hydrostatic 
organs that enable it to' remain suspended 
in the water, or make vertical as6eQ^ ii: 
the 'water column. • 

i . ^ 

It is usually benthic-during the daytime, 
but ascends to the surface at night. 



V. OCCASIONAL 5LANKTERS- ' 

A While the protozoa, rotifers, and micro- ' 
Crustacea make up the bulk of the planktor), 
there are many other groups as mentioned 

. above iY^ai may alsc^ occur. Locally or 
periodicaHy these may be of major import- 

^ ance. Examples are given below. 

B Phylum Coelenterata 

r Polyps of the genus Hydra may become 
detached and float aFoufTi^ngihg from 
the surface film or floating detritus. 

• • 

. 2 The freshwater medusa Craspedacusta 
occasionally appears in lakes or reser- 

• voirs in great numbers. 

C Phylum Platyhelminthes 

1 Minute Turbellaria (relatives of the 
well known Planaria ) are sometimes 

• taken withirie plankton in eutrophic,,:'^ 
- - conditions. They are often confused 

with ciliate protozoa. 

' 2 Cercaria larvae of Trematodes (flukqs) 
parasitic on certain wild animals, 
frequently appear in great numbers. 
When trapped in the droplets of water 
on a swimmer's skin, they attempt to 
bore in* Man not being their natural 
host, they fail. The* resultant irritation 
is called 'swimmer's itch". Some can 
. be^identified, but many unidentifiable 
species may be found. 

3 In many areais of the_ world,__cercaria 
larvae of human parasites such as the 
blood flyke' lSchistosoma japonic um may 
live as planlcton, and penetrate tiie"humah 
skin. directly on contact. 




unf'N^mathelminthes 



N^iX^atodes'tbr nemfis) or roundworms 
apprbaqh the bacteria and the blue- green 
algae in/iibiquity. The^^re found in 
the soil and in the water, and in the air 
as dust. In both marine and fresh waters 
£yi*d from the Arctic tb the tropics. 

2 Although the majority are free living, 
^some occur as parasites of plants, 
'anknals, and nftan, and some of these 

4 parasites are among our most serious. 

3 With this distribution, ^ is obvious that 
^they will occasionally be encountered as 
^ plankton. A more complete discussion 

of nematodes and their public health 
implications in water supplies will be 
found elsewhere (Chang, S. L. ). 

E Additional crustacean groups .sporadically 
met with in the plankton include the following: 

1 Order Anostraca or fairy shrimps 
, '(formerly included with the two • 

f9llowing orders in the Euphyllopoda) 
primarily planktonic in nature. # 

a EiJ^tremely local and sporadic, but _ 
when present, maybe dominatihg. ' 

"b Artemia , the brine shrimp, *can 
tolerate very high salinities. 

c Viery widely distributed, poorly ^ 
understood. 

2 Order Notostraca, the tadpole shrimps. 
Essentially southern and western in 
distribution. 

3 Order Conchostraca, ^he clam shrimps.' 
Widely distributed, sporadic in occur-* 
rence.' Many local species. 

4 Subclass Ostracoda, the s^ed shrimps. 
Up to 3 inr. in length. Essentially 
benthic but certain species of Cypris , 
and Noto^om^s irray occur in consid- 
eralile numEer^ as plankton at certain 
times of the year. 

5 Certain members of the large subclass 
Malacostraca are limnetic, and thus, 
planktonic to some extent. 

a The scuds, (oi^der Amphipoda) are 
essentially benthic but are sometimes 
4 " collected in planktpn samples around 
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weed beds or near shore. Nekto- 
planktonic forms include Pontoporeia 
and some species of Gammarus . 

b The mysid, or opossum- shrimps are 
represented among the plankton by 
Mysis relicta, which occurs in the 
deeper y^aters,. large lakes as far ' 
north as the Arctic Ocean. 



F The Class Archnoidea, Order Hjrdracarina 
(or Acari) the mites. Frequent in plankton 
tows near shore although Unionicola crass - 
ipes has been r^orted to-be yirtually 
planktonic. / ' 

G The phylum Mollusca is but^scantily <^ 
represented in the freshwater plankton, 
in contrast to the^marine situation. 
Glochidia (ciliated) larvae are occasion- 
' ally collected, and snails now and then • 
glide out tin a, quiet surface film and are 
taken in a plankton' net. An exotic , 
^ bivalve Corbicula has' a planktonic /"^^ 
veliger stage. ^ 

H Eggs and other reproductive structiures 
of many forms including fish, insects,^ and 
rotifers may found in plankton samples. 
Special reproductive structures suphas 
the statoblasts of bryoz^oa and sponges, 
and the ephippia of cladocerans-may also 
be incltided.^. , • * 



the uninitiated, they are sometimes 
mistaken for fungi or other organisms 
(and vice versa). ' . 

In flowing waters, normally benthic 
(bottom living) organisms are often found ^ 
drifting freely in the stream. This 
phenomenon may be constant or periodic. 
When included in plankton collectionis, 
theyj^must be reported,^ but recognized 
for what they are. , > 

§urt'u»:t' films are especially rich in 
micro "biological garbage" and these 
enrich the plankton. , 
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I Adventitious and Accidental Plankters 

* « '9 
Many shallow twater^enthic organisms 
may become accidentally ^d temporarily 
incoi^porated into the plankton. Many of 
those in the preceding section might be 
listed here, in addition to such forms as 
certain free living nematodes^ small 
^ oligochaetes, and tardigrades^ Collembola 
and other surface film livers are alsa 
taken at times but should not be .mistaken-- 
for plankton. Fragments arid molt, skins* . 
from a variety of arthropods are usuartly 
observed. 

Pollen from terrestrial or aquatic plants 
is often unrecognized, or confused witl; 
one. of the^ above. Leaf hairs from^ 
teirrestrial. plants are also confusing to 
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Phylum PROTOZOA 
PrtM LiTiag EeprosantatlTVV* 



I. Flftgsllated Protoxoa, Clws Mattigophor* 



Foliation tollorant 
6>u 



Foliation toll«r«iit 
19 /t 



IZ. ifflaboid Protozoik, Clus Saroodina 





Edmastlgamoeba 
Pollution tollorant 

10-50 >a - 



HttolaTia . repoH;ad 
to bo intollorant of 
pollution^ 45/^ 




d Prototoa^ Claaa Ciliophora 




Colpodft ' 

-4ss. . Pollution tollorant 
^ / 20-120 jk 




Holophrym .raportod 
to bo intollorant of 
pollutiorit 3Sp^ 




Coloogr of Potariodandron 
Pollution tollorant^ 35 




Difflugia 
Pollution tollorant 

60^500 jk 




^iatylia . pollution 
tollorant* Colonioa oftan^ 
«aoroaoopio« 

• V 
• I 

H*W«Jaolc8on 
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PLANKTONIC ROTIFERS 






"•'Various Forms of KeratcUa cdchlcaris 




i 



Synchaeta 
pecttnata 



Polyarthr^ 
vulgaris 



Rotaria sp 



Brachionus 
quadride ntata * 




14G 



Animal Plankton 



SOME PLANKTONIC CRUSTACEANS 



crustaceat(s^ 








Aspects in the life cycle of the human tapeworm 
Diphyllobothrium latum , class Cestoda, A. adult as in human 
intestine; B. procercoid larva in copepod; C. plerocercoid 
larva in flesh of pickerel (X-ray view). 

^ • ^ ^ H.W, Jackson 
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PREPARATION AND ENUMERATION OF PLANKTON IN THE LABORATORY 



DECEPTION AND PREPARATION OF, 
SAMPLES ^ \ * 

\ \ ^ 

A Prelimihary^sampling and analysis 13 an 
' > essential preliminary 'to the establish- 
ment of a permanent or- semi-permanent* 
"program. ^ ' 

♦ 

'B Concentration or sedimentation of pre- 
served samples may precede analysis. 

1 Batch centrifuge 

2 Continuous centrifuge 

3 Sedimentation 

C Unpre served (living) samples shoul 
analyzed at once or refrigerated fo 
future analysis. 

II PREPARATION OF MERTHIOLATE 
' PRESERVATfVE 

A The Water Pollution Surveillance System\ 
. of the FWPCA has developed a. modified 
merthiolate preservative. (Williams, 
1967) Sufficient stocic to'^make an approx- 
imately 3.5% solution in the bottle when 
filled is placed in the* sample Bottle in 
the laboratory. '^The bottle is then f-ijled* 
wifli water in the Vield and returned to * 
the labqratory for analys^iSj. 

B ■ Preparation of MertViiolafe Preservativ-e 

\ 

1 Merthiolate is available^from many 
' chemical laboratory supply houses; 

one should specify \he water "soluble 
sodium salt. 

2 Merthiolate stock; dlissolve approxi- 
^ mately 1.5 gram of sodium borate^ 

(borax ahd approximately 1 gram of 
merthiolate in 1 liter oV distilled water. 




The amount of sodiuni borate and 
merthiolate may be varied slightly to 
adjust to different waters, ^climates, 
an3 organic^ contents,* 

3 ^repaYe a saturated aqueous. Lugol'^fe 

solutionr as follows: ; 

a Add 60 grams of potassium iodide 

(;^I) and 40 grams of iodine crystals 

to 1 liter of distilled water. 
* 

4 Prepare the preservative solution by^ 
adding apprt^ximat'ely 1. 0 ml of the 
Lugol's solution to 1 liter of merthi-^ * 
olate stock. 



SAMPEE ANALYSIS 



Microscopic examination is most fr^equently 
employed in the laboratory to determine ' 7 
what plankton organisms are preseilt and 
l^w many there .are: ^ • ' 

1-- Optical equipment need not be ela*borate 
,but should include. • . 

a Compound microscope with the , ^ 
following equipment: ^ 

^ 1) Mechanical stage 

2) ' Ocular: lOX, with Whipple type 

counting eyepiece or reticule 

3) Objectives: 

^ • approji. 10X(16mm) ' / 
agprbx, 2QX(8 mm), 
appro^. 40X(4 mm) 
approx. 95X(1.8 mm)( optional) 

A 40X objective with a working 
distance of 12,8 mm and an erect • 
image may be obtained as special 
i ec^ipment. A water immersion ^ - 
objective (in addition to oil) might 
be considered for use with water 
mounts. ' . ' ' 

Binocular eyepieces are optional. 
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stage mici^jm^ter (this may be 
« borrowed, if necessary, as it is 
usually used only once, when the 
equipment is calibrated) . , - 

I) Inverted microscopes offer certain . 
^ advantages- but ar^not widely 
available. The same is true of" 
some of the newer optical systems 
* such as pharse contrast microscopy. 
^ These are often excellent but ex- ^ 
pensive for routing* plant use. 

Precision made counting chambers v 
are required for quantitative wock with 
liquid mounts. ^ - 

a Sedgwick- Rafter cells (hereafter 
referred to as S-R cell) are used 
for routine counts of mediuni and 
larger forms, 

b Extremely small forms or ^'nanno- 
plankton" may be counted by use of 
the nannopl^nkton (or Palmer) cell, 

* a Fisher- Littman c^ll, a hemacyto- 
meter, the Jockey flrop method, or 

^ by use of ao inverted microscope. 

Previous to starting serious analytical 
^work, the microscope should be cali- / 
brated as described elsewhere. Di- 
mensions of the S-R cell should also , 
be checked,^'e*sp^ially thfi_^pth/ 

Autonxa^fc^^pscfticle coiipters -may bef 
useful efor coccoid organisms, ^ 



'.B Quantitative Plankton Counts' 

1 All quantitative Counting techniques 
involve the filling of a standard cell 
of known dimensions with either 
^raight -sample or a concentrate 01: ' 
dilution .thereof. ' ^ ■ 

2 The organisms in a predetermined 
number, of microscope fields or other 
known a^rea are then observed, and by 

.mieans of a* suitable series of multi- 
plier factors, projected to a nunaber or 
V quantity per ml gallon, etc. 



. Direct * counting of the unconcentrated' 
sample eliminates manipulation, saves 
time, and reduces error. If frequenqy 
of organisnas is low, more area may 
need tg be Wamined or concentration 
\ of tb^ saropl^ may be in or^fer. 



Conventional techniques emplpying 
concentration of the sample provide more 
organisms for observation, btit .because 
they involve 'more manipulations, intro- 
.duce additional errors and take niore,, 
time. 



Several methods of counting plankton -are 
in general use. 

1 TJae ' numerical or clump count i s 
regarded as simplest. 

a Every organism observed must be 
enumerated. If it cannot be identi- 
fied, assign a symbol or number 
and make a sketch of it on the back 
of the ret^ord sheet. • 
I 

b Filaments, colonies ahd other 
associations" of cells are counted 
as unitSj e,qu^ to single isolated 
cells. .Their identity as indicated 
on the record sheet is the key to 
the significance* of such a^ count. 

2 Individual cell 'count . In this method, • 
every cell of every colony or clump ^ 
of organisms is-coi3nted, as well as 
each individual single-g^ed organism. 



3 The-'areal standard unit method 



jrs 



certain technical advantages, but als(> 
involves certain^^inherrent cjifficultiei 

a An areal standard unit is 400 square 
microns. This is the area of one 
of the smallest subdivided squares 
in the center of the 'Shipple eyepiece 
at a magnification of lOCK. ^ 
# 

b In .operation, the number^ of areal 
units of each species is recorded on 
the record- sheet rather than' the ' , 
nuniber of inc^ividuals. Average - 
ai*eas of the common sperfcies are 
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are sometimes printed on record 
sheets for a patiiicular plant to 
obviate the necessity of estimating 
the area .of each cell observed 
^ individually. 

c The advantage of the^ method lies in 
'the cognizance taken of the relative 
masses of the various species as- 
indicated by ^the area presented to 
the viewer. These are^, however, 
are often very difficult to estimate. 

4 The ^cubi6 standard unit method is a 
logical extension of the areal m^eJKod, 
but hafe achieved*less acceptance. 

5 Separate field count * ^ 



a In counting separate {ields, the 
"^question always arise^ as to how 
to count organisms touching or 
crossed by the edge of the Whipple 
^ field. Some 'Workers 'estimate the 
* proportion of. the organism lying 
inside the. field as compared to that 
outside. Onty those which are over 
half way inside are counted. 

. e 

b Ajnother system is to select two 
adjacent sides of the square -For 
. reference,^ such as the top and left 
boundaries. Organisms toyching 
these lines in any degnee, from 
outside or inside, are then counted, 
while oi^ganisms touching .the opposite 
sides ^re ignored.* It is important 
to adopt some *such system and 
adhere to it consistently. . # 

c it is suggested that if separate 
tnicroscopic fields are examined,, 
a standard number of ten be adopted. 
These should be evenly^ spaced in two 
rpws^ about pne-third of the distance 
down from the top and one-third of 
th^ distance lip froftn^he -bottom of 
the S-R cell. * 

Multiple area c&unt >. This is an ex- 
tensioQ jof the separate field count. 
A • considerable increase in accuracy 
has recently heeT\ shown to accrue by 
em'^tying and ref filing the S-R aell,^ 



after each group of fields are counted 
and making up to 5 additional such 
counts. This may not be practical with 
high counts. 

The strip count . When a rectangular 
slide such as the S-R cell is used, a,, 
strip (or strips) the entire length (or 
known portion thepeof) of the cell may 
be counted instead of separate isolated 
fields. MarkingJ^e bottom of the cell 
by evenly^ ^spaced cross lines as ex- 
plained elsewhere greatly facilitates 

counting. . • ^ 

-'J 

a Whei;i the count obtained is multi- 
plied by the ratio of the width of 
the strip coiinted to the width of 
the cell, the product is the esti- 
mated nurpber* of organisms in the 
cell, or per ml. 

b When'the material in the cell is 
unconcentrated sample water, this 
count- represents the condition of 
the water being evaluated without 
further calculation. * 

Survey count. A survey count is an 
examination of the entire area of a 
volumetric cell using a wide field low 
power microscope. The objective is 
to locate and record the larger .forms, 
especially zooplankton such as copeppd^ 
or large rotifers whi^h may be present 
in size. Special large caepaclty ceils 
are often employed for this purpose. 
For still larger marine forms; numerous 
special devices have been created. . 

Once a procedure for "concentration 
and/ or counting is adopted by a plant . 
or other organization it should be 
used consistently from then on so 
that results from year to year can be 
compared. 



Differential or qualitative "counts" are 
essentially lists of the kinds of organisms^ 
found. 
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E t^i^^portional or relative counts of special 
groups are often very useful. .For ex.- 
ample, diatomsr. Jt is b^IstjxS always 
count a standard numbers of cells. 

F . Plankton are sometimes mejasured by 
means other than microscopic counts. 

1 Settled volume of killed plankton in an^ 
Imho'ff'^vCone may be 'observed after a 
standard length of time. This will 
evaluate primarily only the l^ger forrps. 

2 A gravimetric -^method employs drying 
,at 60^ C for 24 hours followed by ^ 

ashing at 600^ C for 30 minutes. This 
is particularly useful for chemical 
and radio'chemical analysis. 

3 Chemical and physical evaluation of. 
plankton populations employing various 
instrumental techniques are coming- to 
be widely used. Both biomass and 
productivity rates can be measured. 
Such determinations 'probably achieve 
their greatest utility when coordinated 
with microscopic examination. 

4 The membrane (molecular) filter has 

• a great* potential, but a generally 
acceptable technique has yet to be 
perfected, 

a Bacteriological techniques for 
coliform determination are 
♦ widely accepted. 



Difficulties include a predilec- 
tion of extremely fine membranes- 
to clog rapidly with silt or . 
increase in plankton counts, and 
•the difficulty of making observation^ 
on individual cells' when the 
organisms are piled on top of each 
other. It is sometimes necessary 
to dilute a sample to obtain suitable 
distribution. - 



IV SUMMARY AND CXDNCLUSIONS 

A The field^ sampling program should be 

carefully planned to evaluate all significant 
location^ in the reservoir or stream, 
giving wte consideration to the capacity 
of the laboratory. ' - 

B Adequate records and notes- should be 
made of field conditions and associated 
\\X\\ the laboratory analyses in a 
permanent file. 

C Optical equipment in the -laboratory should 
be calibrated. 

D Once a procedure for processing plankton 
is adopted, it should be used exclusively 
by all workers at the plant.. 

E Such a^ procedure should enable the water - 
plant operator to prevent plankton troubles 
or at least to anticipate them and have 
corrective materials or equipment stockpiled. 



O -4 



b Nematodes and larger organisms 
can rea'dily be washed off of the 
membrane a^er filtration. 

c It^is also being used to measure 
ultraplankton that pass treatment 
plant operations, , * ' ' 

d Membranes can -be cleared and 



organisms deposited thereoni 



observed diiJ^ectly, although ^ 
accessory staining is desirable. 
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^^^^T-TACHED GROWTHS 
(Periphyton or Aufwuchs) 



I The community of attached microscopic 
plants and animsils is frequently investigated . 
during water quality studies. The attached 
gro\fth community (periphyton) and suspended 
growth community (plankton) are th^ principal 
primary producers in watcru ays- -they con- 
vert nutrients to orgajiic living materials and 
store light originating energy through the 
processes of photosynthesis.- In extensive 
deep waters^ planl<ton is probably the pre- 
dominant primary producer. In shallow lakes, 
ponds, and rivers, periphyton is the predominant 
primary producer. During the past two 
decades, "^investigators of microscopic 
organisms have increasingly placeU emphasis 
on periphvlic growths brcJ^use of inhoront 
advantages over the plankton when interpreting 
data fi'om surveys on flowing waters: 

A Blum (1956) *\ . workers are generally 
agreed that no disti/ictive association of 
phytoplanktdn is found in streams, although 
there is son^e c\ idence of this foi* individual 
zoopiankters (animalsj and for a few 
individual algae and bacteria. ^Plankton, 
organisms are often introduced into the 
current firom impoundments, backwater 
*areas or stagnanf arms of the stream, . . . 
Rivers whose plankton is not dominated by 
species from upstream lakes or ponds arc 
likely to exhibit a majority- of forms which 
have been derived from the stream bottom 
directly and which are thus merely 
facultative or opportunistic plankters, " 

*B "J*he transitoi'V nature of stream plankton 
makes it nearly impossible to ascert^miat 
which point upstream' agents producing'* 
changes in the algal population were 
introduced, and whether the changes 
occurred at the sampling site or at some ' 
unknown point upstream. In contrast,^ 
bottom algae (periphyton) are tru^ com- 
ponents of the stream biota. Their . 
I. sessile-attached mode of life subjects 
. them to the quality of water continuously 
flowing over them* "By.obsei'ving the 
longitudinal dista/ibution of bottom algae 
within a stream, the sources of the agents 
producing the change can be traced 
(hack-tracked)" (Keup, 1966). y^.,^ 

Bl.maenu. 19b. 5. 80 
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II XERMINOLOGY 

A Two terms are' equally valid and commonly 
in use to describe the attached community 
oi organisms. Periphyton literally means 
'^around plants" such as the growths over- 
growing pond-wee<;ls; through usage this 
term means the attached film uf growths 
that rely on substrates as a "place-to- 
grow" witliin a waterway. The components 
of this growth assemblage consists of 
plants, animals, bacteria, etc, Aufwuchs 
is an equally acceptable term (probably 
originally proposed by Seligo (1905)] . 
Aufwuchs is a German noun without 
equivalent english translation; it is 
essentialh a. collective tci*m equivalent 
to the abo\e Amci'ican (T-atin l oot) term - 
Periphyton. (For convenience, only, 
PERIPHYTON, with its liberal modern , 
meaning w ill be used in this outline^ ) 

B Other terms, some rarely encounlered in 
the literature, that are essentially ■ ^ 
synonymous with periphyton or describe 
important and dominant components of the 
periphytic community are: Nej eiden, 
Bewuchs, Laison, Belag, Besatz, attached, 
sessile, sessile -attached, sedentary, 
seeded-on, attached m^erials, slimes, 
sUme-growths, and coatings^^ 

The academic commiinity occasionally 
employs terminology based on the nature 
of the substrates the periphyton grows on 
(Table 1). 

TABLE 1 

Periphyton Terminology Based 
on Substrate Occupied 

Sub strate , Adje ctive ' * ' 

various epiholitic, nereiditic, sessile 

pla'nts epiphytic 
animals epizooic 

wood epidendritic, epixy Ionic _ 

rock epilithic\ 

[After Srapieck-Husek (1946) and \ia Sladeckova 
(1962)J Most above listed latin-rbot adjectives 
SiT^ derivatives of nouns 6uch as epihola, 
epiphyton, spizoa,^tc: ■ 
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III Periphyton, as with all other components 
^ o(f the environment, can be sampled quali- • 
tatively (what is present) and quanlila lively ^ 
(how much or many are present). 

A Qualitative sanripling can be performed by 
'sinany methods and may extend from direct 
examination of the growths attached to a 
substrate to unique "cuttings" or scrapings. 
. It may also be a portion of quantitative ^ 
sampling. 

B Quantitative sampling is difficult because 
ii is nearly impossible to remove the 
entire community from a standardized or 
unit area of substrate. 

1 Areas scraped cannot.be determined 
precisely enough when the areas ajro 
iim'orphous plants, rocks or logs that 
svrve as the principal periphyton 
substrates. 

^2 * Collection of the entire community within 
a standard area usually destroys individual 
specimens thereby making identification 
\ difficult (carefuPscraping can provide 

^ sufficient intact individuals of the species 

present to make qualitative determinations); 
Or the process of collection adds sufficient 
■foreign materials (i. e. detritus, sub- 
strate, etc. ) so that some commonly 
employed quantitative procedures are 
not applicable. 



. IV A rtificial substrates are a .technique 
^designed to overcome the problems of direct 
sampling. They serve their purpose, but 
cannot be used without discretion. They are 
objects standardized as to surface area,^ 
texture, position, etc. that are .placed in the 
waterway for pre-selected time periods during 
which t)eriphytic growths accumulate. They - 
are usually made of inert mater^ials, glass 
being most common with plastids'i^econd in ^ 
frequency. Over fifty various devices and 
methods of support or suspension of the 
substrates have been devised (Slad^ijkovfl^^-::^^;^.^ 
1962) (Weber, 1960) (Thomas, 19*68). 



\l, ARTIFICIAL SUBSTRATE^PLACEMENT 

A Position or Orientation 
» 

1 Horizontal - Includes effects of^ttled' 
materials. 

2 Vertical - Eliminates many effects of 
settled materials. 



B Depth (light) - A substrate placed in lighted 
waters may not reflect conditions in a 
waterway if much of th^ naWral substrate 
(bottom) does not receive ligl^vilf^ receives 
'light at redyced intensity. (Both Excessive 
light and a §hortage of light can inhibit 
growths and influence the kinds of orga-nisms 
present. ) ^ . . , , 

C Current is Important ' ^ 

1 It can p/'event the settling of smothering 
materials. 

2 iVflushcs metabolic wastes away and 
introduces nutrient s-to the colony. 



VI THE LENGTH OF TIME THE SUBSTRATE 
IS EXPOSED IS IMPORTANT. 

A The growths need time to colonize and . 
develop on the recently introduced 
substrate. 

It 

B Established growths may intermittently 
break-away from the substrate because . 
of current or weight induced stresses, or 
**over-growth" may **choke" the attachment 
layers (nutrient, light, etc. restrictions) 
which then weaken or die allowing release 
of the mass. 

■jti 

^C A minimum of about ten da,ys is required 
to produce .sufficient growths on an 
artificial substrate; exposures exceeding 
a longer time than 4-6 weeljs .may produce 
"erratic results'* because of. sloughing or 
* the accumulation of senile growths in 
situations where the substrate is 
artificially protected from predation and 
other environmental stresses. 
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VII Determining the variety of growtV^ present^ 
is presently only practical with microscopic 
examinatioh. AA few, micro-chemical pro- 
« .cedures for differentiaticm'show promise--. 
^ "but, are only in the early^ stages of development. ) 

Vm DETERMINING THE QUANTITY OR 
GROtVTH(S) . ^ 

A Direct enumeration of the growths while 
, attached to the substrate can be us.ed, but • , 

/. is restricted to the larger organisms 
because (1) the problem of maintaining 
material in-an acceptable condition under 
the short working dist.ances of the^objectivd 
lenses on' compound microscopes, and 
(2) trainsmittediight is not adequa^tcv 
because of either ^paque substrates ahd/or 
the density of the colonial growths.' j 

B Most frequently, periphytQn is scraped 
from the substrate and then processed ^ 
accbrding to several available "procedures, 
the selection being based on the^ need, and 
use of the d^ta. ,x 

1 Aliquots of the sample -may'be counted 
using methods frequently employed in^ 
plankton analysis. ^ 

* 

^ ' a Number of organisms 

b Standardized units 
c V.olumetric units 
d Others . * 

2 Gravimetric 

a Total dry weight of scrapings 

b Ash-free dry weight (eliminates 
inorganic sediment) 

c A comparison of t6tal and ash-free 
dry. weights 

3 Volumetric, involving centrifugation of 
the scrapings to de^rmihe a packed 
biomass volume. ' ' • 



4 Nutrient analyses serve as indices of 
^ the biomass by measuring the quantity 
, of nutrient incorporated. 

a Carbon 

1) Total organic carbon 

2) Carbon equivalents (COEfT 

b Organic nitrogen 

c Phosphorus - Has limitations 
because cells can st^re excess 
above immediate needs. 



d Other 



5 Chlo*rophyll and other &io-j)igmenl 
extractions. 

\ Carbon- 14 uptake 



Oxygen production, or respiratory 
oxygen demand 



/ 



rx EXPRESSION OF R'i:;SULTS 
A Qualitative 

1 Forms found" 

2 Ratios of number per group found 

3 Frequency distribution of varieties 
found 

4 Autotrophic index (Weber) 

5 Pigment diversity index (Odum) 
B Quantitative^ 

1 Areal basis- -quantity per square 
* inchi^' foot, centimeter, or meter. 

example: i 

a 16 mgs/sq/ inch 
' ' b 16,000 ceUs/sq. inch- - r . 

2 Rate basis. For example: 
a t 2 mgs/day, of biomass accumulation 
b 1 mg Og/mg of giwth/hour 



15-3 



Attached Growths (Peritohvton or Aufwuchs) 



REFERENCES 

1 Blum, J. The Ecology of River Algae. 

Botanical Review. 22:5:291. 1956. 

2 Dumont, H.J.' A Quantitative Method for 

the Study* of Periphyton. limnol. 
Oceanogr. 14(2):584'-595. 

3 Keup, L.E. Stream Biology for Assessing 

Sewage Treatment Plant Efficiencir, 
Water and Sewage Works. 113:11-411. 
1966. ' 



4 Seligo, A. Uber-den Ursprung del) 

Fischnahrung. Mitt. d. Westpr. 
Fisch. -V. 17:4:52. ■ 1905. 

5 Sladeckova,. A. Limnological Investigation 

"Methods for the Periphytoh Community. 
Botanical Review. 28:2:286. 1962. 

6 Srameck-Husek. (On the Uniform 

Classification -of Animal ayid Pltot 
Commxmities in our Waters). 
Sbomik MAP.20:3:2.13. Orig. in 
Czech. 1§46. 



7 Thomas, N.A. Method for Slide 

Attachment in Periphytpn Studies. ^ 
-^-^^^Manuscript. 1968* ^ . 

8 Weber, C.I. Methpcjs of Collection and ' 

Analysis of Plankton and Periphyton 
Samples in the Water Pollution 
Surveillance ^stem. Water Pollution 
Surveillance l^stem Applications .and 
Development Report No, 19i FWPCA, 
- Cincinnati. 19 -*T)p. (multilith), 1966. 

♦ 

9 Weber, C.I. 'Annual Bibliography 

Midwest Benthological Society. 
Periphyton. .1014 Broadway, . 
Cincinnati, OH 4^202. 

10 Hynes, H.B,N. The Ecology of Running 

Waters. Univ. Toronto Press. 

555 pp. 1970. ' ' \ ' ' ^ . 

11 Spoon, Donald M. Microbial Communities 

"ofvthe Upper Potomac Estuary: The 
^ Aiilfwuchs in: The Potomac Estuary, 
Biological Resources, Trends and 
Options. 1CPRJ3 Tech Pub. No. 76-2, 
1976. 

12 Whitton, B.A. "Plants as Indicators 

of River Water Quality. (Chapter 5 
in Biological Indicators of Water 
Quality. Ed. 5,' James, A. and 
Evison, Lilian Wiley. 1979 ' 



This outline was prepared by Lowell Keup, 
Chief, Technical Studies Branch, Division 
of Technical Support, EPA, Washington, 
DC 20242 ; 



D e s c r iptor : Pe riphyton 



. 157 



EFFECT OF WASTE WAl*HR TREATMENT PLANT 'EFFLUENT ON SMALL STREAMS 



^5 



I ' BENTHOS A^H ORGANISMS GROWING 

ON ok ASSOGIatED PRINCIPALLY 
" WITH THE -JTOTTOM OF WATERWAYS 

Benthos is the nouiv, 7 ^ ^ 

Benthonic, benthal and benthic are 
adjectives. . 

^ ' '1 ' 

II THE BENTHIC COMMUNITY 

A Composed of ^ wide variety pf life 
forms that are related because they 
occupy "common ground'' — substrates 
of oceans, lakes, streams, etc. 
They may be attached, burrowing, or 
move on tl\e .interface. 

1 Bacteria 

A wide ^variety of decomposers work 
on organic materials, breaking them 
down to elemental or simple com- 
pounds. 

2 Algae 

Photosynthetic 'plants having no true 
roots, stems, and leaves. The basic 
producers of food that nurtures the 
animal components 'of the communit>^ 



3 Flowering Aquatic Plants, (Riverweeds, 
^Pondweeds) 

The largest flora, composed ^of 
complex and differentiated tissues. 
May be emersed» floating, or sub- 
mersed according to habit. 

4 Microfauna 

. Animals that pass through a U. S*. 
Standarcf Series No, 30 sieve, but 
are retained^on a No, 100 sieve. 
Examples are rotifers*and micro- " 
crustaceans. Some forms have 
organs for attachment to substrates* 
while otiiers burrow, into soft'materi I* 
or occupy the interstices between rocks, 
fi^pral 01 faunal materials. 
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5 «Meioiauna 

Meiofauna occupy the interstitial zone 
(like between sand grains) in iDenthic 
an*li hyporheic habitats'. They are inter- 
mediate in size between the microfauna 
(protozoa and rotifers) and themaTcro- 
fauna (insects, 6tc. ). They pass-.a No. 30 
sieve (0,-5 mm approximately). ^ In fresh- 
water they include nematodes, copepods, 
tardigrades, naiad wprms, and some flat 
. worms. ^They are usually ignoreff in fresh- 
water studies, since they pass the standard 
sieve and/or sampling devices. 

6 Macrofauna (macroinvertebrates) 

Animals that are retained on a No. 30 mesh 
sieve (0. 5 mm approximately). This group 
includes the insects, worms, molluscs, and 
occasionally fish. ii!ish are not normally 
considered as benthos, though there are bottom 
dwellers such as sculpins, settles 
darters, and madtolns. _ ^ 

B^^ The .benthos is a self-contained community, - . 
though there is interchange with' other 
communities. For example: Plankton 
settles to it, fish prey on it an^ lay their ' ' — 
eggs there, terrestrial detritus and 'leaves 
are added to it, andf many aquatic insects 
migrate from it to the terrestrial environ- 
ment for their mating cycles. ^ 

It is an in-situ water quality monitor. The 
low mobility of the biotic components requires 
that they ''live with" th^^quality changes of the * 
•overyT5assing waters. Chan&s impoae^d in the 
long-lived components remam visible for 
^ extended periods, even after the cause has 
been eliminated. Only time will allow a cure 
for tfie community by drift, reproduction, and re- 
cruitment from the iiyporheip zoner 

D Between the benthic zone (substratje/ water 
interface) and the underground water table 
is the hyporheic zone. There is considerable 
interchange from one zone .to another. 

Ill HISTORY OF BENTHIC OBSERVATIONS 

A Ancient literatiire records the vermin associ-' 
ated with fouled waters. 

• • 
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B 500 -year- oldfishing literature refers 
to animal forms that are fish food and 
used as bait* 

C The scientific literature associating, 
biota* to water pollution problems is 
over 100 years old (Wlackenthun and 
Ingram, 1964). , - 

D ^ Early this century, applied biological 

investigations wei:e initiated, ' , ^ 

t 

1 The entrance of state boards of health 
^ into water pollution control activities. 

2 Creation of state conservation agencies, 

3 Industrialization -and urbanization, 

4 Grotvth of limnological programs . 
at universities, 

E A decided increase in benthic studies • 
occurred in the 1950' s and much of 
today's activities are strongly influenced 
by ^developmental work conducted during 
this period. Some of the reasofiS for this 
are: . * " • 



1 Movement of the universities from 
"academic biology" to applied 
pollution programs. 

2 Enti^ance of the federal government 
into enforcement aspects of water 
pollution control. 

3 ^ A rising economy and the development 

of federal grant systems. 
• • o - 

4 Enviroimaental Protection Programs 

are a current stimulus. 
♦ 

IV WHY THE BENTHOS?^ 

A ft is a natural monitor * . * 

B The* community contains all of the 
components of an ecosystem. 



1 Reducers 

a bacteria 
b ftmgi ' . 

2 Producers (plants) 
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3 Consumers 

a Detritivores and bacterial feedei:s 
- b Herbivores 

« 

c Predators 
C Economy of Survey 

1 Mginpower 

2 Time 

3 Equipment 
D Ex'tensive Supporting Literature 
E ■ Advantages of the Macrobenthos 

1 Relatively sessile 

2 Life history length 

3 Fish food organisms 

4 Reliability of Sampling 

5 Dollars /information 

6 Predictability 



^7 Universality 
8 Sensitivity to.perturbation 

"For subtle chemical- changes, 
unequivocal^data, and observations 
suited. tb some statistical^ evaluatipn will . 
be needed. This requirement favors the 
macrofauna a^a parameter. . Macro- 
invertebrates'-are easier to sample 
reproductively tharj oth^r organisms, 
numerical estimates are possible and 
taxonomy neededjfor synoptic inves^ti- 
gations is withiff'the reach of a non- 
specialist. (Wuhrmann) 

"It is self-evident that for a multitude of 
n.on-identifiable^though biologically active 
changes of chemical conditions in rivers, 
small organisnis^with high physiological 
differentiation are most responsive. 
Thus- the small macroinveTrt^brates 
(6. g. tnspcts) are doubtlessly the most 
sensitive organisms for demonstrating 
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unspecified changes of water 
"Chemistry called 'pollution' . ^ 
Progress in knowledge on useful . 
autecological properties of 
organisms or of transfer of such 
knowledge 'into bioassay practice 
^ has-been very Small in liie past. 
Thus, the bioassay concept 
(relation of organisms in a 
stream to water quality) in ' 
water chemistry has' brought not 
much more than visual demon- 
stration of a few overall chemical 

•s 

effects. Our capability to derive 
chemical conditions- from biological 
observations is, therefore, almost ^ 
on the same level as fifty years ago. 
In the author's opinion it is idle to 
expect much more in the future because 
of the limitations inherent to natural bio- 
assay systems (relation of organisms 
in a stream to wat^r quality). " (Wuhrmann) 

V REACTIONS 0F*THE BENTHIC IVIA^CRO- 
INVERTEBRATE COMMUNITY TO 
PERTURBATIpN 

A Destruction of Organism Types 

^ 1 Beginnings with the most sensitive 
forms, pollutants 'kill in order of 
sensitivity until the most tolerant form 
"is the last survivor. This results in a 
reduction of variety or diversity of 
organisms. 

N 2 The generalized order of macro- 
invertebrate disappearance on a 
' ->^^sensitivity sqale. below pollution 
^ sources is shown in Figure 2. 



Water 

Quality 

Deteriorating 



Stoneflie^ 
Mayflies 
Cadciis flies 
Amphipods 
-Isopods 

Midges 

Oligochaetes, 



Vater 



3uaUty 
Improving 



As water quality improves, these ^ 
reappear in 'the same order. 

B The Number of Survivors Ijicrease 

1 Competition and predation are reduced 
be^^en different species. 

2 When the pollutant is a food (plant's, 
•fertilizers, animals, organic materials). 

« 

C The Numt>er of Survivors Decrease 

• 1 The material added is toxic or has no 

food value. 

2 The material added produces toxic 
conditions as a byproduct of decom- 
position (e.g., large organic loadings 
j>r o^duce an^a^naer obic environment 
resulting in the prpductioli of toxic 
sulfides, methanes, etc.)' 

D The Effects May be Manifest in Com- 
binations 

1 Of pollutants and their effects. 

2 Vary with longitudinal distribution 
in a stream. (Figure 1) 

E Tolerance to Enrichment Grouping - j 
(Figure 2)^ 

Flexibility must be maintained in the 
establishment of tolerance lists based 
• on the response of organisms to the 
environment because of complex relation- 
ships among varying environmental 
conditions.. Some general tolerance\ 
patterns can be established. Stonefly 
and mayfly j?ymphs, hellgrammitea, 
and caddisfly larvae represent a grouping 
(sensitive <^ intolerant) that is generally 

• quite sensitive to environmental 
changes. • Blackfly larvae, scuds, sow- 
bu^, snails, fingernail clams, dragon- 
flyaan^ damselfly naiads, and most 
kinds of midge larvae are facultative 
(or intermediate) in tolerance. 
Sludge-worms, som^-kinds of midge 
larvae (bloodworms)^' and some leeches 
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TIME OR OiSTANCE 

■J 

.NUMBER OF KIWOS 

.NUMBER OF ORGANISMS 

.SLUOGE DEPOSITS 

I Four basic responses of bottom anin^als to pollution, 

A. Organic wastes elinunate the sensitive bottom animals 
and pro vide^ food in the form of sludges for the surviving toler- 
ant fonns. B. Lcnrge quantities of decomposing organic wastes 
eliminate sensiUVe bottom animals and the excessive quanti- 
ties of byproducts of organic decomposition inhibit the tolerant 
forms: m time, with natural stretim purification, water quality 
improves so that the tolerant (oq;ns can flourish, utilizing thB 
sludges as food. C. Toxic materials eliminate the sensitive 
bottom animals; sludge is absent and food is restricted to that 
paturally occurring m the stream, whioih lim/ts the number of 
tolerant surviving forms. Very toxic moteriois may eliminate 
all organisms below a waste source. D. Organic sludges with 
toxic materials reduce the nximber of kinds by eliniinatinq 
sensitive forms. Tolev«r;t 'survivors do not utilize the organic 
sludges because the toxicity restricts »Heir growth. 



Figure 1 



are tolerant to comparatively t^avy loads 
of organic pollutants. Sev/agB mosquitoes 
and rat-tailed maggots are tAlerant of 
'anaerobic environments for they are 
" ' essentially air-breathers. 

F Structural Limitations ^ 

1 The morphological structure of a • 
species limits the type of environment 
it may occupy, 

a Species with complex appendages 
and exposed complicated respiratory 
structures, such as stonefly 
nymphs, mayfly nymphs, and 
caddisfly larvae, that are subjected 
^ to a constant deluge of ^etteable 
particulate matter soon abandon 
the polluted area because of the 
con'stant preening required to main- 
tain mobility or respiratory func- 
tions; otherwise, they are soon 
' smothered, 

' b Benthic animals in depositing zones 
may also be burdened by "sewage 
fungus" growths including stalked 
protozoans. Many of.these stalked 
protozoans are host specific, 

2 Species withoirt complicated external 
structures, such as bloodworms and 
sludgeworms, are not so limited in 
adaptability, 

•a A sludgeworm, for example, can 
bjjrrow in a deluge of p4rticul3.te 
organic matter and floui:ish on the 
abundance of '*manna, " 

b Morphology alsa determines the 
species that are found \n riffles, on 
vegetation, on the bottom of pools, 
or in bottom deposits. 
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VI SAMPLING prcx:edures 



A Faufta 

1 Qua^litative 'sampling determines the 
variety of species occupying an area. 

' f Samples may be'^taken by any, method 

that will capture representatives of the 
species present. Collections from 
such samplings indicate changes in the 
' -enviro"nment, but generally do riot 
accurately reflect the degree of change. 
Mayflies, foV example, may be re- ^. 
duced from 100 to 1 per square meter. 
Qualitative data would indicate the 
presence of both speciest .but might not 
necessarily .delineate the change in pre- 
dominance from mayflies to sludge- 
worms. The stop net or kick sampling 
technique is often used. 

2 Quantitative sampling is performed to 
observe changes in predominance. 

The most common quantitative sampling 
tools are the Petersen, Ekmafi', and Poiiar 
A grabs amd the Surber stream bottom or 
square-foot sampler. Of these, the^ 
, Petersen grab samples the widest variety 
of substrates. The^kman grab is limited 
, to fine-textured and soft substrates, «uch 
as silt and sludge, unless hydraulically 
operated/ t 



The Surber sampler is -designed for . ' 
sampling riffle areas; it requires 
mbving water to transport dislodged 
organisms into i\s net and is limited ^ 
to depths of two feet or less. • . 

Kick samples of one minute duration will 
usually yield' around 1,000 macroinyert* 
ebrates per square meter (10. 5 X a one^ 
minute kick= organisms/ m^^.^ 

Manipulated substrates (often referred to 
as "artificial substrates'*) are. 
placed in a stream and left for a specific 
time period. Benthic jri^croinvertebrates 
readily colonize these forming a manipu- 
lated community. . Substrates may be con- 
structed'of natural materials or synthetic 
may be placed in a natural situation o^ 
unnatural; and may or may not resemble,, 
the normal stream community. The 
point being that a great numbqr^of envi- 
ronmental variables are standardized and 
thus upstream and downstream stations 
may be legitimately compared in. terms of 
water quality of the moving water column* 
They naturally do not evaluate wfiat may 
or may not l/e happening to the substrate 
beneath said monitor. The latter could 
easily be the more important. 
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REPREStNTATIVE BOTTOM-DWELUNG MACROA^IMA i:S 

Drawings from Geckler, J,, K. M. Mackenthun and W. M. Ingram, 1963. 
Glossary of Commonly Used Biological and Related Terms irt Water and 
Waste Water Control, DHEW, PHS, Cincinnati, Ohio, Pub. No. 999^WP-2. 



A Stonefly nymph 
B Mayfly nymph 
C Hellgrarnmite or 
Dobsonfly la:rvae 
D *Caddisfly larvae 
E . Black fly larvae 
F Scud 

G Aquatic sowbug 
H Snail ^ 



(Plecoptera) 
(Ephemeroptera) 

(Megaloptera) 
(Trichpptera) 
(Simuliidae) 
(A mphipolla) 
(Isopoda) 
(Gastropoda) ' • 



I Fingernail cilam 
J Damselfly naiad 
K Dragonfly naiad 
Bloodworm or mi 
• fly larvae- 
M Leech 
N Sludgeworm 
O Sewage fly larvae 
P Rat -tailed maggot 



(Sphaeriidae) 
(Zygoptera) 
(Anisoptera) 
'dge 

( Chironomidae) 

(Hirudinea) 
(Tubificidae) 
(Psychodidae) 
( Tubi%ra-Eristali_ 
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Invertebrates which are part ^M^^ 
benthos, but under certain coMlmons 
become Carried downislream inWffi 
appreciable numbers, are knowir 
Drifts • ' * . • * 



B 



Flora S 



Groups which have members forming 
a^Qonspicyous part'flOf the drift 
include the insect orders Ephemeroptera; 
Trichoptera, Plecoptera and the 
crustacean order Amphipoda^^^^^^^^^ 

Drift net studies are widely used and 
have a proven validity in stream 
water quality studies. . 




5 The collected saanple is screen^dwoth 
a standard sieve to^ concentrate the 
organisms;. these are sepai^ated from 
substrate aad debris, and the number 
of each kin^diijpfe organism determined. 
Pata ^ir^S&en adjusted to number per 
imit a§^a,^^^s|3^JIy td jnumber* of bbttopi 
orgaman?^ per %uar%meter.- , a 

f£ ^ Y 'i I 

S Inde^hdentl7r^|itlie:^qualitative^ ' 
quanmatiye da||' sufj^e for t'horpogh 

. an|l }^£S of^gn^^ conditions. * 

l^||^rs^^%xamij|^ion tq detect da'naage 
may be made^'WWh,eit.her niethod,' but- 
a conibination of the two gives a more * 
precLse determinatioli. If a choice must 
be tipde, quantitative sam^lihg would 
be Best, because it iiicoi^porate^ a 
partial qualitative sample. . ""^ 

' * Studies have shown that a significant 
nuniber sind-vaHety of-fnafcroin.vef'te- 
bVates inhabit the hyporheic zone in streams. 
As mucb 80% of the macrcfiAverte- 
br^s may T^e below 5 cm in t^is 
hypoxheic zcmef, ? Mos't samples and • ^ 
^s*am(iling techniques do not penetrate 
, the substrate below the 5 cm depth. 
All quantitative studies must take this 
otl>er substrate factors^ into account 
hen absolute figures are presented on 
anding crop and numbers per square ^' 
|eter> etc. 



1 Dir-^t queHatitative sampling of natu- 
rally growing bottom algae is difficult. 
Ijf is basically one of collecting algae 
^ f rom a standard or uniform area of the 

^ ^bottom substrates without disturbing 
the delicate growths and thereby dis-' 
tort tbe »eample. Indirect quantitative 

V sampling is the best available method.-- 



Manipulated substrates, suqh as wood- 
blocks,^ glass or plexiglass slideg',^ 
bricks', et^., are placed in a stream. * 
Bottom-attached algae will grow on 
these artificial substrates. , After two • 
or more weeks, the artificial sub- 
strates are removed fo? analysis. 
Algal growths are scraped fronfvthe 
substrates, and the quantity m4as}ired. 
Since the exposed substrate afea aad 
exposure periods are ^qual at all ol 
the^ sampling sites,., differences in the 
quantity of algae can be related to 
changes in the quality of water flgLWing* 
over the substrates. 



Vll. ANALYSES OF MICROFLORA 



A Enumeration 
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1 The quantity of algae on manipulated 
substrates can be measured in several 

. ways. Microscopic counts of algal 
cells and dry weight of a algal mater- 
ial are.long-established~methods._ 

2 Mieroscopic counts involve thorough 

- scraping, mixing and suspension of 'x^^ 
the algal cells. From this mixture 
' an aliquot of* cells is jvith'drawn for 
, enumeraftion under a microscope. 
Dry- weight is determined by drying 
and weighing the algal s^imple. then*^ 
igniiinjg ttie sample ^o burn offtjie 
s[gal materials, leaving inert inorganic 
materiala that are again weighed. 

, The dlfferenqe between initial dry weight 
and weight after ^gnftlon is attributed to 
^ alga«. • ^ ' . 

3 Any organic sediments, however, . 

. that settle on the substrate along _ ' . 
with the algae are processed also. , ' 
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Thus, if organic wastes are present 
appreciable errors may enter Into 
this method, 

B .Ghlorjophyll Analysis • 



Autotrophic Index = j/^i^'^'"^^ y (pR^m^ 
^ \ ^ Chlorophyll a (mg/rn2)^ 



i During the past decade, chlprqphyii 
analysis has become a popular method 

. for estimating algal growth.' Chloro- 
^ phyll is extracted from the algae and 
is .used as- an index of the quantity of 
ajgae present. The advantagps of - 

, • chlorophyll ansdysis are rapidity, 

* simplicity, and- v^ivid pi/ctoriai- results.* 

2' The algae are scrubbed fi;om the 
plaqed substrate s&'m*ples, ground, 
then each sample is steeped in equal 
volumes? 90% aqueous acetone, whiclr 
^ extracts thQ 'chlorophyll from the algal 
cells. The chlorophyll extracts may 
be compared visually. ^ ^ 

3 Becaiis-e. the choloVophyll extracts* fade 
\ with time, oolorimetry should l)e vised ' 
•for permanent recbrdsic For routine 
records, simple colorimeters will* 
slif/ice. "At*^very~high~cR'6roroplTyll 
densities, ^interference ^Ytfi colori- 
metry occurs, which must be corrected 
' through serial dilution of^the sample 
or with a^no'mograph. 

/lutotrjophic *lhdex' ' • ' 

jThe chlorophyll content of the pepiphyton 
IS u.^ed to estimate ihe alg^l bi(>n)a&s,aiKi 

(or trophic status) or toxicity of tlie water 
anU the taNuuofmc*co«ipasition ul tlic ^ 
community^' Periphytbn growing in sur- . 
face water Relatively free of organic 
pollution consists largely of algae, 
which gontain approkimately 1 to 2 percent 
chlorophyll* a by dry weight. If dissolved 
or particulate organic matter^is present 
in high concentrations, large populajtions 
of fil«meritous 'bacteria, stajked protozoa, 
and other^Qjpfhlorophy 11 bearing micro- 
organisms envelop and the percentage ' » 
of chlorophvl? is then reduce^d. if the 
^biornass-chlorDphyU'a ivlationslnj) > • 
is expressed as a ratio"(the autotro- - 
phu- index), vallies greater tliau 100 
•may resulf from organic pallutUm 
(Weber and McFaHan^^^i 19«9; Wieber, 

^1973). — ; 



VIII MACROINVERTEBRATE' ANALYSES 
A Taxonomic ^ ' « 

The taxonomic level to whiA animals -are 
identified depends on the needs, experience, 
and available resources. However; thel^ 
taxonomic level to which identifications are 
. carried in each majpr group should be ' 
constant throughout ^ given study/ 

«" ^ 
H Biomass 

Macroinvertebrate biomass (weight of 
organisms per unit area) i^*k useful 
quantitative estimation of standing crop.^ 

C Reporting Units 

Data from quantitative samples may be used 
to obtain: 

1 Tot^l standing crop of individuals, or 
^ biomass,' or both per unit area or unit 

volame or sample unit, and 

2 ivinmbers of l)iomass, or bpth, of individual 
'•taxa per unit area or .unit volume or sample 

*t»nit. 

I ' Data from devices sampling a unit area' 
of bottom will^be reported' in grams dry » 
weight or ash^free dry wei^ght per squarje 
meter (gm/m ), or numbers of 'indi- 
viduals per square meter, or both»^ 
' ' * *• . 

*4^;Data from multipl^e samplers will'be 

♦ reportecl in terms of the total surface 

* area of tHe plates in grams dry weight 
or ash-free dry weight or numbers of 
iiidividuali^per square.met6r, or both. 

5 l5ata from rock-filled basket samplers 
wil^ be reported as grams dry weig.ht 
or numbers of individuals per sampler, 
or both. 
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IX FACTORS INVOLVED IN DATA INTER- 
PRETATION 

Two very important factors in data evalua- 
tion are a thorough kijpw ledge of conditions 
under which the data were collected aind a 
critical assessment of the reliability of the 
data»*s representation of the situation^ 

A Maximum- Minimum Values ^ 



The evaluation of physical and chemical 
data to determine their effe'cts on aquatic 
organisms is pi*imarily dependent on 
maximum and minimum observed values. 
The mean is useful only when the data are 
relatively uniform. The minimum or 
maximum values usually create acuf^ 
-conditions in thQ environment. 



B Identification 

Precise identification of organisfns to 
species requires a specialist in that 
taxonomic groups. Many immature 
aquatic forms have not beei\ associated 
with the adult species. Therefore, ojie 
whg is certain of th^ genus but not the 
species should utilize th^^neric name, 
not a potentially incorreaHkbies name. 
The method of interpreti^^Rlogical 
data'on the basis of numi^ers of kinds 
and numbers of orgonismfe-'will typicjally 
'Suffice. 

Lake and Stream Influence 

P^sical Characteristics of a body of 
water also affect animal populations. 
Lakes'or impounded bodies of water 
support deferent fatmal associations 
than rivers^ The number of kinds 
. present in a lake may be less than that 
fo\md-in a stream, because of a more 
uniform habitat.*"* A lake is all pool, 
but a river is composed of'both pools 
and riffles.' The nonflowing water of 
lake exhibits a more complete set- 
tling of particulate organic' matter that 
naturally supports a higher pbpulatic«i 
of detritus consumers. For these 



reasons, 'the' bottom fauna of a lake or 
impoundment, or stream pool cannot be 
directly compared with that of a flowing', 
streani r^iffle^ 

D Extrapolatioji 

How can bottom-dwelling^acrofauna data 
' be extrapolateci to othei* environmental • , 
components? It must be borne in mind ^ . 
that a component of the total environment 
is being Sampled. ITtlje sampled Qonfi- 
ponent exhibits c)ianges, then so must the 
other inter dependent^components df the 
environment. For example, a clpan stream 
wrth a wide variety of desirable bottom 
organisms would"*be expected to have a 
wide variety of desirable bottom fishes; 
when pollution reduces the number of bottom 
organisms, a comparable reduction would 
be expected. in the number of fishes. More- 
over, .it would be logic^to conclude that 
any factor that 'eliminates *all bottom organ- 
isms^cwould eliminate most other aquatic 
C forms of life. A clean stream with a wide 
' variety of desii^ablc bottom organisms 

w'ould bp expected to permit a v^ariety of 
— p~ecf^tional," municipal and industrial uses. 4 

E Expression of Data 

1 Standing crop ^d taxonomic composition ^ 

Standing crop and numbers of taxa (t^es 
or kinds) in a community are highly 
sensitive to environmental perturbations 
resulting from the introduction of coniam- 
inants. These parameters, particularly 
standing crop, may vary considerably in 
unpolluted habitats, where they may range 
from tlie typically high standing §rop of 
littor^ 2ones of glacial lakes to the 
sparse fauna of torrential soft-water 
^ streams. Thus, it is important that 

comparisons ar^^^ade only between truly 
comparable environments. 
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2 Diversity 



Diversity indices are an additional tool « 
for measuring the quality of the environ- 
ment and the effect of perturbation on 
the structure of a community of macro- 
invertebrates. Their use is based on 
the generally'^observed phenomenon that 
relativei^undi'sturbed environments" 
^ support communities having large 
numbers of species with no individual 
species present in overwhelming 
abundance* If the species in such a 
commxanity are ranked on the basis of 
their nurmerical abxmdance, there will , 

-The relatively few species with large 
numbers of individuals and large 
numbers of species represented by only 
a few individuals. Perturbation tends 
to reduce diversity by making the 
environment unsuitable for some species 
or by giving oth^r species a competitive 

. advantage. • 

3 Indicator-organism scheme (' rat-tailed 
maggot studies") 

a'~F-or-thi^eehaique, the individual 
taxa are classified on the basis of 
their tolerance or intolerance to " * 
. . various- levels of putrescible wastes. 
Taxa are classified according to 
their presence or absence of 
different envfronments as deter- 
mined by field studies. - Some 
reduce data based on the presence 
or absence of indicator organisms 
to a simple numerical fprm for ease 
irf presentation. 

b Biologists are engaging in fruit- 
less exercise if they intend to make 
any decisions about indicator 
organisHns by .operating at- the 
generis level of macroinvertebrate 
identifications/* (Resh and Unzicker) 

^^^^^ ^^ 

4 Reference station methods ^ 

Comparative'or conti^ol station methods 
compare the qualitative characteristics 
of the fauna in^ clean water habitats wi^ 
those of fauna *in habitats subject to s'tress. 
Stations are compared on the basis ^of 
richness 6f species* 

RJO6-10. . . 



If^adequate background data are avail-, 
able to &n experienced investigator, 
these techniques can prove quite useful— 
particularly for the purpose of demon- 
strating the effects of gross to moderate 
organic contamination on the macro- 
invertebrate community. To detect 
more subtle changes in the macroinver- 
tebratjs community, collect quantitative 
. data on numbers pr biomass of organisms 
Data on the presence of tolerant and ^ 
• intolerant tjaxa and richness of species 
may be effectively summarized for evalu- 
ation and presentation by means of line 
graphs, bar graphs, pie diagrams, 
iij.stograms, or pictoral diagrams. 

X IMPORTANT ASSOCIATED ANALYSES 
A The Chemical Environment * ^ 

1 Dissolved oxygen^ 

2 Nutrients 

3 Toxic materials--- ' ^ - * 

4 Aciciity and alkalinity 

5 Etc. 

B The Physical Environment * * 

1 Suspended solids * ^ 

2 Temperature 

3 Light penetration 

4 Sediment composition 

5 Btc. 

XI AREAS IN WHICH BENTHIC STUDIES 
CAN BEST BE APPLIED ' ' 

A Damage Assessment or Stream Health 

If a streai^ is suffering from abuse the 
biota will so indicate. A biologist can 
determine damages by looking at the ^ 
''critter*' assemblage in a matter of 
minutes. Usually, if damages are not 
found, it will not be necessary to alert 
^the remainder of the agency* s staff. 
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pack all the equipment, pay travel and per 
diem, and then wait five' days before 
enough data can be assembled to begin, 
evaluation. 

B By determining what damages have been ^ 
done, the potential cause "Usf" can be 
reduced to a few items for emphasis and 
the entire "wonderful worlds" of science 
and engineering need not be practiced with 
the result that much data are discarded 
later because they were not applicable to 
the problem being investigated, 

C Good benthic data asso'ciated with chemi- 
cal, physical, and engineering data can 
be used to predict the direction of future 
^ changes and to estimate the amount of 
pollutants that need to be removed from 
the waterways to make them productive 
and useful once more. 

D The benthic macroinvertebrates are an 
easil^pked index to stream health that p 
citizens may use in stream improve- 
ment programs. "Adopt -a-stream" 
efforts have successfully used simple 
macroinvertebrajte indices. 

E The potential for restoring biological 
integrity in our flowing streams using 
macroinvertebrates has barely been 
touched. 
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ECOLOGY OF WASTE STABILIZATION PROCESSES 



I JENJ.RODUCTION 

Living organisms \viil live where they can live. 
This holds for treatment plant environments 
just as it does for streaips, impoundments, 
oceans, dry or lands. 

A Each species- has certain limits or toler- 
ances, growth, feeding habits and other 
characteristics that determine its favored 
habitat. , - . ' 

B The presence of certain organisms with 
well defined characteristics in a viable 

- condition and in significant numbers also 
provides some inference with respect to 
the habitat. 

C The indicator organism* concept has certain 
pitfalls. It is not sufficient to base an 
opinion upon one or more critters which 
may have been there as a result of gas 
liquid or solid transport. It is necessary 
to observe growth patterns, associated 
organisms, environmental conditions, and 
nutritional characteristics to provide 
information on environmental acceptability. 

D Organisms characteristic of wastewater 
treatment commonly are those found in 
nature under low DO. conditions. Perform- 
ance characteristics are related to 
certain organism progressions ami ass'bc- 
iatiops that are influenced by food to 
organism ratios and pertinent conditions. 

* One single species is unlikely to perform 
all of the functions expected during waste 
treatment. Many associated organisms 
compete in an ecological system for. a 
favored position. '^The combination .includes 
synergistic, antagonistic, competitive, 
predative,^ aild other relationships that may 
. favor predominance of one group for a time 
and other groups under other conditions. 

E It is the responsibility of the treatment 
plant control team to manage conditions 
of-treatmej^t to favor the best attainable 
performance during each hour of .the day 
e^ch day of the year. This outline con- 
siders certain biological characteristics 
and their implications with respect to 
treatment performance. 



n TREATMENT PLANT ORGANISMS . 

Wastewater is characterized by overfertili- 
zation from the standpoint of nutritional 
elements, by varying" amounts of items that 
may not enter the metabolic pattern but have 
some effect upon it, such a& silt, and by 
materials that will interfere wth metabolic 
patterns. Components vary in availability 
from those that are readily acceptable to 
those that persist for long periods of time. 
Each item has some effect upon the organism 
response to the^mixture. 

A Slime forming organisms including certain 
bacteria, fungi, yeasts; protista monera 
and alga tend to grow rapidly, on dissolved 
nutrients under favorable conditions. These 
grow rapidly enough to dominate the overall 
population during early stages of growth. 
There may be tremendous numbers of 
relatively-few species until available 
nutrients have been converted to cell, mass 
or other limiting factors check the pop- 
ulation explosion.' , 

* ' 

B Abundant slime growth favors production 
of predator organisms such as amoeba or 
flagellates. These upon preformed 

cell mass. Amoebas^end to floWLau:Quad 

particulate materials; flagellates also afe 
relatively inefficient food gatherers. They 
tend to become numerous when the nutrient 
level is high. They are likely to b6 assoc- 
iated with floculated masses where food 
is more abSlficlant. 

C Ciliafed organisms are more efficient' 
food gatherers because they have the 
ability to move more readily and may 
set up currents in the Water to bring food 
to them for ingestion. Stalked ciliates 
are implicated with well stabilized effluents 
because they are capable of sweeping the 
fine particulates from the ivater between 
floe masses'lvhile their residues tend to 
become associated with the floe. 

D Larger* or.ganisms tend to become establisl;i~ 
— ed later and serve as scavengers. These- 
include Oligochaetes (worms), Chironomids 
(bloodworms and insect|lkryae), Isopod^s 
(^ow bugs an d Crusta cea), Rotifera and 
« others. 
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Ecology o f Waste Stabilization P rooe s 3e s 



in TREATMENT OPERATIONAL CONTROL 

^ An established treatment plant is likely to 
llpntain representative organisms from all 
groups of tolerant species. Trickling filters, 
activated sludge, or ponds tend to retain 
previously developed organisms in large 
numbers relative to the incoming feed. The. 
number and variety availafile<determine the 
nature, degree and time required for partial 
oxidation and conversion 'of pollutants from 
liquid tq solid concentrates. 

A Proliferation of slime forming organisms 
characterize the new unit because they grow- 
rapidly on soluble nufrients. Predators 
, and scavengers may start growing as soon 
as cell mass particulates appear but growth 
rate is slower and numbers and mass lag 
as compared with slime organisms. As , 
' slime growth slows due to conversion of 
soluble nutrients tor cell mass, tb^ slime 
formers tend td associate as ag^omerates 
or clumps promoting floculation and liquid 
solid separation. 

B Overfeeding an established unit encourages 
rapid growth of slime organisms as individ- 
ual cells rather than as flocculated masses. 
This, results in certain characteristics 
resembling those of a young, rapidly 
growing system. 



IV 



Observations of the growth characteristics 
and populations do not provide quantitative 
information, but they do indicate trends 
and stages of development that are useful 
to identify problems. It is not possible to 
identify most slime organisms by (^irect 
observation. It is poslible to recognize 
growth and flocculation charaQter^^tics. 
Certain larger organisms are rect^nizable 
and are useful as indicator organisms to 
suggest past or subsequent developments. 



ILLUSTRATIONS OF ECOLOGICAL 
SIGNIFICANCE 



Toxic fee^ls "or unfavorable conditions 
materially reduce the population of exposed 
sensitive organispns. The Wt effect is a 
pppulation selection requiring rapid regrowth 
to reestablish desired operating character- 
istics. The system assunies 'new growth 
•characteristics to a degree depending upon 
the fraction remaining after the toxic effect 
has been relieved^ ^y dilution, degradation, 
sorption, or othei* means. 

Treatment units are characterized by 
changes in response to feed sequence, 

. load ratio,, and physical or cbemicaX- 
con.ditioijs. Response to ac cute toxicity 
may be imn^ediktely apparent. Chronic . 
overloading or' mild toxicity may not be 
apparent for^several days. It may be 
expected, that it will require 1 to-^3 weeks 
to restore effective performance after any 
major upset. Performance eifiteria may 

^ not indicate a smooth progression toward 

' improved operation. 



A The first group represents initial devel- 
opment of non-flocculent growth. Single 
celled and filamentous growth are shown. 
Rapid growth shows little evidence of 
flocculation that is necessary to produce 
. a stable, clear effluent* 

* 

B The next group of slidestindicate develop- 
ment of floe forming tendencies from 
filamentous or non-filamentous growth. 
Clarificsttion and compaction characteris- 
tics are relatable to the nature and density 
of floe masses. 

C Organisms likely tq be associated with 
more stabilized sludges are shown in the 
third group — Scayen g o ro GQO o nJ:i aiiT^Dn- 



r 



si St of a large alimentary canal with 
accessories. 

The last two slides illustrate changes in 
appearance after a toxic load. Scavengers, 
ciliates, etc. have been inactivated. New 
growth at the edge o^ the ffoc masses are 
not apparent. Physical structure indicates 
dispersed residue rather than agglomera- 
tion Wndencies. 'The floe probably contains 
living organisms protected by the surround- 
ing organic material, but only time and 
regrowth will reestablish *a working floe 
with good stabilization and clarification 
tendenc||s. 
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ECOLOGY PRLMER 
(from Aldo Leopold's A SAND COUNTY ALMANAC) 



II 



Ecology is a belated attempt to^corp^>ert 
our collective knowledge of biotic materials 
into a collective wisdom of biotic manage- 
ment* ' 

The outstanding scientific discovery of 
the twentieth century is not television or 
radio, but rather the complexity^of the 
land organism. 

One of the penalties of an ecological edu- 
cation is that one lives alone in a world 
of wounds. Much of the damage inflicted 
on land is quite invisible to laymen. An 
geologist must either harden his shell 
and make believe ^that'th^ consequences 
of science are none of his business, or 
he must be the doctor who sees the marks 
of death ip a community that believes 
' itself well and does not want to be told 
otherwise. 

Ecosystems have been sketched out as 
pyramids, cycles, and.energy circuits. 
The concept Of land as an energy' circuit 
conveys three basic- ideas: 



A That land is not merely sail. 

B That the native plants and animals kept 
the. energy circuit opem others may^or 
may not. 

C That man-made changes are of a different 



IV 



VI A thing is right when it tends to preserve 
the integrity, stability, and beauty of the 
biotic community. It is .wrong when it 
tends otherwise. 

VII Every farm is a textbook* on animal 
ecology; every stream is a textbook 
on aquatic ecology; conservation is 
the translation of the book. ' ^ 

VIM There are three spiritual dangers in not 
owning a farm-^ 

— ■? 

A One is the danger of supposing that break- 
i^fast comes from thjB grocery. 

B Two is that heat comes from the furnace, 

C And three is that gas comes from the 
pump. 



IX 



X 



order than evolutionary changes, and have 
effects more comprehensive than is intend- 
ed or foreseen (See figures 1-4). 



D To keep evex*y (^pg and wheel is the first 
precaution of' intelligent tinkering. 

V The process of. altering^ the pyramid for 
^^^^^^^Viiy^an occupation releases Stored energy, 
and- this often gives rise, ^Juring the 
pioneering period, to a deceptive exuber- 
ance of plant and animal liie, both wild 
and tame. These releases of biotic ^ 
capital tend to becloud or postpone the 
penalties of violence. . 



In general, the trend of the evidence 
mdicates that in land, just as in the , 
fishes body, the symptoms' may lie in 
one organ and the cause in another. The^ . 
practices we now call conservation are, 
to a large extent local alleviations of 
biotic pain. They are necessapy, but 
they must not be confused with cures. 

^n Atom at large in the biota is too free 
to know freedom; an atom liack in the sea 
has fo^otten it. For every atom lost to 
the seaX^the prairie pulls another out of 
the decaying rocks. The only certain 
truth is that its creatures must suck 
hard, live fast, and die often, lest its 
losses exceed its gains. 
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THE LAWS OF ECOLOGY 



These so-called Laws of . Ecology have 
been collected and reformulated by 
Dr. Pierre Dansereau. 

A They have a broad range of appli- 
cation, in aquatic as well as terres- 
trial ecosystems. 

B Only the ones, which have strict 

application to fresh -water organisms 
Will be discussed. 



II The Laws Verbatim - ^ 

A Physiology of Ectopic Fitness (1-9) 

1 Law of the inoptimum. No species 
encounters in any given habitat the 
optimum conditions for all of its 
functions. . ^ 

• 2 Law of aphasy. "Organic evolu-, 
• tion is slower than environmental 
change on the average, and hence 
migration occurs. " . L 

3 Law of tolerance.. A species is . i 
confined, ecologically and geo- 
graphically, by the extremes of 
environmental adversities that it 
can withstand. 



'4 Law _of valence^* In each part of 
its, -area, a given species shows a 
greater or lesser- amplitude in 
ranging through various ^habitats' 
(or communities); this is condi- 
tioned by, its, requirements 'and 
.tolerances being satisfied or 
nearly byercome. 

5 Law of competition- cooperation. 
Organisms* of one or more species 
occupying the same site over a 
given period of time^ use (and^ 
frequerifly reuse) the same re- 
sources through various shartag 
processes which allow a greater 
portion to the most efficient. 



6 ^Law of the continuum. The gamut 
of ecological niches, in a regional 
unit, permits a gradual* shift* in the 
-qualitative and quantitative con^po- 
sifion and structure of communities. 

J_ Law of cornering. The environ- ^ 
- mental gradients upon whicn species 
and communities are ordained either 
steepen or smoothen at various* times 
and places, thereby reducing ufterly 
or broadening greatly that part of 
th^ ecological spectrum which offers 
{he' best opportunity- to organisms of 
adequate valence. 

8 Law of persistence. Many species, 
especially dominants of a community, 
.are capable of surviving and main- 
taining their spatial position after 
their habitat, and even the climate 
itself have ceased to favor full 
vitality. 

9 Law of evolutionary opportunity. The 
present ecological success of a 
species is compounded of its geo- 
graphical and ecological breadth^ its 
population structure, and -the nature 

Zof its harboring communities.* ^ * 



B Strategy of Community Adjustment (10-14) 

— -10 Law of ecesis. The resources of an 

unoccupied environment will first be * 
exploited by organisms with high.^ ^ . . 
.tolerance and generally with Ibw'"^. 
4 requirements. ~ ^ 

11' Law of succession. The same site 
will not be indefinitely held, by the 
saijfie plant comYnunity^ because the 
physiographic agents and the plants^ 
themselves induce changes in the 
whole environment, and these- allow 
other ptlants heretofore ;4mable to 
invade, but now more , efficient, to 
displace the present dccui)ants. ^ 
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Law of regional climax. ' The 
processes of succession go 
through a shift of controls but 
aiie not indefinite, for they tend 
to an equilibrium that allows no 
further relay; the climatic-topo- 
graphic-edaphic-biological bal- 
ance of forces results in an 
ultimate pattern which shifts 
from region to region, 

13 Law of factorial control. * Al- 
though living beings react holo- 
cenotically (to all .factors of the 
environno^nt in their peculiar 
conjun^ion), there frequently 
occurs a discrepant factor which 
Jias controlling power through 
its excess or deficiency. 



14 Law of association segregation. 
Association of reduced composi- 
tion and simplified structure have 
arisen during physiographic or|= . 
climatic change and migratiorT 
through the elimination of some • 
species and the loss of eeological 
status of others. 

Regional Climatic Response (15-20) 

*15 Law of geoecological distribution. 
"The specific topographical dis- 
tribution (microdistribution) of an 
ecotypic plant species or of a 
plantj.com^munity is a parallel 
fuixction of its general g^ograpical 
distribution (macrodistribution), 
since both are determined by the 
same ecological amplitudes and 
"*ultinaateiy by uniform physiological 
requirements. " 

16^/. Law of climatic stress. It is at 
the level of exchange b et^en the 
organism and the enl&ronment 
(microbipsphere) that the stress 
is felt^'which eventually cannot be 
overcome and which will Establish 
a geographic boundary. 



17 Law of biological spectra. Life-^ 
form distribution is a characteristic 
of regional floras which can be 



correlated to climatic conditions 
of the present as well as of the 
past. ' 1 '^fc, 
l> 

18 Law -of vegetation regime. Under 
a similar climate, in different 
parts of the world, a similar 
structural- physiognomic- functional 

^ response can be induced ia the 

vegetation, irrespective of floristic " • 
.affinities and/ or historical con- 
•nections. , 

19 Law of zonal equivalence. Where 
climatic 'gradients are essentially 
similar, the latitudinal and altitudinal 
zonation and cliseral shifts of plant 
formations also tend to be; where 
floristic history is essentially iden- 
tical, plant communities will also 

be similar. 

20 Law of irreversibility. Some 
resources tmineral, plant, or 
animal) do not renew themselves, 
because they are the result of a 
process (physix^al or bilogical) v^ich 
hsi& ceased to function in a particular 
habitat of landscape at the present 

^ time* 

21 Law of specific integrity. Since the 
lower taxa (species and subordinate 
units) cannot be polyphyletic, their 
presence in widely separated areas 
can be explained only' by former 
continuity or. by "Tnigration. ' • 

22 Law^t phy].ogenetiC trends. The 
relative geographical positions, \^ 
within species (but more often genera' 
and families), of primitive and ad- 
vanced phylogenetic features 'are good 
indicators of the trends of migration. 

23 ~Law "Of- migration. Geographical 

migration is determined by population 
pressure and/or environmental change. 

24 ^ Law of differential evolution. Geo- 

graphic and ecological barriers 
favor independent evolution, bWtHe 
divergence of vicariant pairs i^ not 
necessarily proportionate to the 'gravity^ 
oT the barrier or the duration of 
isolation. , 



The Laws of geology 



25 Law of availability. The geo- 
graphic distribution of plants 
and animals is limited in the 
first instance by their place 
and time of origin,- 

26 Law of geological alternation^ 
Since the short revolutionary 
periods have a strong selective 
force upon the biota, highly 
differentiated life forms are 
aye more likely to develop 

f during .those times than during 

equable normal periods. 

< 

27 Law of domestication. Plants 
and animals whose selection 
has been more or less domi- 
nated by man are rarely. able 
to survive without his continued 
protection. 

III THIENEMANIN^'S ECOLOpiCAJ^RINCIPLES 

i ^ * 

These three pfbinciples apply to stream 

invertebrates and will be noted specif- 

^ ically during your^tream examinations 

as you compare aquatic communities. 

A The greater the diversity of 
the conditions in a locality the 
larger is the number of species 
which make up the biotic 
community. 



IV THE LAW OP TH6 e'^UIVALENCE 
* ' OF WINDOWS (deAssis) . 

"The way^to compensate for atclosed 

window is to. open another window." , 
» # 
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The- more the conditions in a 
locality deviate from normal, 
and hence frqm the normal 
optima of - most species, the, 
smaller is the number of species' 
which *occur there and the 
greater the number of individuals 
of each of the species which do 
occur. ' ' 



The longer a locality has been 
in the same condition the 
richer irS it^ biotic community 
and the more stable it is. 
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APPUCATION OF BIOLOGICAL DATA 



I ECOLOGICAL DATA HAS TRAPITIONALLX. 
- BEEN DIVIDED iiSrrO TWO GENERAL ^ 
CLASSES: ' / 

A Qu^^t^tive - dealing with the taionomic 
• composition of communities ^ 

B Quantitative - dealing with the pof)ulation* 
densityiror rates of processes occurring 
in the communities 

i 

Each kind of data has been useful in its own 
way, * ^ 



n QUAUTATIVE.DATA 
A CertSLin species have been identified as: 

1 Clean water (sensitive) or oligotrophic 

2 Facultative, or tolerant 

3 Preferring polluted regions 

(see: Fjerdinstad 1964, 1965; Gaofin , • 
Tarzwell 1956; Palmer 1963. f^69; 
* Rawsbi^f#56; Teiling 1955) * 

B Using our knowledge about ecological 
requirements the biolpgist may compare 
the species present 

1 At different stations in th^e same river 
(Gaufin 1958) or lake (Holland 1968) 

• 

2 In different rivers or lakes (Robertson , 
and Powers 1967) ^ - 

or changes in the species in a rive^ or/ lake 
over a period of several years, (Carr 
&> Hiltunen 1965; Edmondson & Anderson 
1956; Fruh, Stewart, Lee & Rohlich 1066; 
Hasler 1947). 

C Until* comparatively recent times taxonomic 
data were not subject to statistical treat-^ 
ment.. 



III QUANTITATIVE DATA: Typical ' ' 
Parameters of thiat^e include: 

A Counts - algae/ynl; benthos/m# ; 
fish /net /day * 

3 ♦ 

B Volume - mm algae /liter 

C Weight - dry wgt; asl;i-free .wgt.- * 

D Chemical content - chlorophyll; 
carbohydrate ;''A TP; DNA,; et6. 

E Calpries (or caloric equivalents) 

F Processes - productivity; respiration 



IV Historically, the chief use of statistics 
in treating biological data has been in the • 
collection and analysis of sample"s*for-~these 
parg^meters. Recently, many methods have 
been devise^ to convert taxonomic data into 
numerical form to permit: ' , 

A Better communication between,the 

biologists and other scientific disciplines 

B Statistical treatment of taxonomtc data 

C In the field of pollution biology these 
methods include: 

" 1 Numerical ratings of organisms on -the 
basis of their pollution tolerance 

(saprobic valency: Zelinka ^ Sladecek 
. 1964) 

(pollution index: Palmer 1969)* 

2 Use of quotients or ratios of species in 
different taxonomic groups (Nygaard 
1949). 
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Simple indices of community diversity: 

a Organisms are placed in taxonomic 
groups which behave similarly under 
the? same ecological conditions. The - 
numb* of species in these groups . 
' found at ^'healthy" stations is com- 
paf.ed to that found at "experirhental" 
stations. (Patrick 1950) ^ 

b A truncated log normal cu^ve is^ 
^>lotted on the basis o£the number 
of individuals per diatom species^. ^ 
(Patrick,, Hohn, Wallace 1954^/ 



c .Sequential coniparison ir^^dex. 

(Cairns, Albough, Busey & Chanay j 
' 1968H In this technique,' similar .^-vV 
organism's e'ncowtered<teequentially ' 




3 InforijAation theory: 

The basic equation used for 
information theory applications was^ 
developed by Margalef (1957), 



I 



_1 N! 

N ^^2 N ! N,_ ! . . . N. ! 



where. I - information/individji^l; 
#.,N , N, . . . N are the number of 
^%jdiviauals-:-in species a, b, . , . 
N is their sum_. 

This equation has' also been used - 
with: 



^ are gxpuped into/ 'runs". 

runs 



,11 



3CI 



total organisms exarrjined 



d Ratio^f* caroterioids^to 'chloropfiyll 
in phjrtoplank^Qjj populations : 

.^D^^3j^ODg^Q(Tanaka| et al 1961) . 

e .The number of diatom species present 
at a, station is considered indicative 
6f w^ter quality. or*pollution level. 
(WilHams 1964)'^ - 

numbeV of specieg (S)' 
' -nft^^ of individualje {N) ^ . 

, /%mfaber pf .species (S) 
S]|^r^'5l^6pt, of numb of individuals (•J N) 

h -rrr^ '(Menhinick 1964) 



1) The fa,ttx acid content of algae 
V^JM6Iriti^e, Tinsley, and Lxjwry 

2) Algal productivity (Dickman 1968) 

3) Benthic biomass (Wilhm 1968) 



d ^ 



En. to. 



1) (Simpson 1949) 



N (N - 1) 



where n. = number of individuals 

^ belonging to the i-th species, 
and 
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SIGNIFICANCE OF "UMITINP FACTORS" TO POPULATION VARIATION 



I INTRODUCTION - ^ • 

A All aquatic organisms do not react uniformly 
to the vario*i^hemical, physical and 
' ioU)^K.al features in the.ir environment. 
TliroUj^Ii iiormal cvolutioirat > processes 
v^a Pious organisnas.have J^ecomf adaptecr - 
to cerViln combinntioris of environmental 
conditions, Th/? successful development, 
and maintenance of a population or community 
depend upon-Fiarmonious ecological oaiance 
between environniental conditions and 
tolerance of the organisms to variations 
in ona\pr more oi these conditions. ^ 

• (N . 

B A factbr whose presence or abs'ehce exerts 
some restraining influence upon u noj^uiation 
through incora^at^ibillty >vith specie^ 
requirements or tolerance 4-; said ^'bo a 
limiting factor. The principle of limitin;^ 
factors is one of the major aspects f)f the 
. environmental contr<^ of aquatic organisms 
(Pigure 1)* 



II PRINCIPLE OF rjMITING FACTORS 

This principle rests essentially upon two basic 
•concepts". tDne of these relates or^^anisms to 
the environmental supply of -malcriais essential 
tor thetr ^irowth and development. The second 
'pertains to the tolerance which ori^oni^ms 
exhibit toward' . i: . ii uiimcntal cpauitions. 



Liebig*s^.La\vj)l the Minimujn enunciattes 
the first basic concept. In ornor fur an 
ox'gaiiiom to innafjil a partii ular environ- 
ment, specified Icvi-ls of tuc materials 
necessary for growth and aeVelopnxc'Qt 
(nutrients, respiratory gases, etc. ) fnust 
be present. If*one-of these materials is ; 
ah.^f^n"^ m ( n\ ifonmcn ,r • . cm 
in miii ma. quantities, a givtni sp<n les 
will oruy sui rive in limited numbers, if 
at ali ( Kif^ure* 2). 

.Copper, for example, "j 
is esst ritial in tra^jo amounts lot ■ 
manv .'^pe( tes. 



OPTIMUM 




- MAGNITUDE OF FACTOR ~ HIGH 



Kigui-c^. Relationships of environmental 

, fn( torr and t^i" abundanec* of oi-^anismo. 



1 



jbsidiaX prir 



'i'he subsidiar'v princif)lo of f u ^or 
inU*attion i>ui'l<.s that hi^h coun^ti aiion 
01' avaiLabilit} of som'c sunt^ta^icc, <^r 
the action (^f .-^nmt' factor in thf cnviron- 
iT^ciit, may ri modify ili^.atioii of the \ 
minimum pn(\ Fur o.^aiuple: , 




/UNUMITEO^ GROWTH 



DECREASE Ihi 
✓ • ClWTfXTIOMNS 

. fcQUim RIUM WITH 

^7"^ , EnVHonment * 
. v*^* increase in ' * 

\ "^.TlMTfXJlONS 
^POPULATION DECLINE 



'TIME 



Tne uptake oP pnospttorus by tiic 
aiga^ Nit*zcnia clo5>terJ^um is influenced 
|v\tho,r *iativ( ijuantitics oriuti ate, 
and pl^ospnate iu tiic ^. iivirunrnent ; ' 
. nowi/ver, niirau* utilT'/^ation /Appears 
to be* unaf(ected*by th,e ph(y<ij:>hate 
(Reid, 19CA), ' 

Th? ai^oimilatio.i of &orrtc al^ae is 
vlosely ii<^teu »o temperature. 



^Figure f. The reiationfthips of limitin.^ factors 
to population ^rov^lii and development . 



The rate of^pxy jqr ntilizatioaby fi -h 
may affr^cted % many Q>thcr sub- , 
stancSes or factors in th6 environment. 
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Significance of "Limiting Factors" to population Variation 



'd Where strontium is abundant, mollusks . 
are able to substitute it, to a partial 
extent, for ealcium in their shells 

(Odum, 1959). 

'J ^ 

I If a material is present in large amounts, 
but only a small amount is available Jor ' 
yse by the organism', the amount a^/ailable 
and'not the total amount present deter- 
/njines whether or not tke particular 

¥ material is limiting ^calcium in the form 
of CaCO,). A 



B Shelford pointed out in his Law of Tolerance 
that there are maximum as well as minimum 
values of mos^ environmental factory which 
can be tolerated. Absence or failure of^an 
organism can be controlled by the deficiency 
or excess of any factor which may approach 
the limits of tolerance for that organism 
• (Figure 3). 




CONCENTRATION 

Figure 4. 



Minimutn Limit of 



Range of Optimum 
of Factors 



Maximum Umit of 
Toleration 



Decreasini? 
Abvn<«ance 



Greatest Abuntiaiic^ 



Decreasini; 
Abundance 



Figure 3. ghelford^s Law of Tolerance. 



1 Organisms have an ecological minimum 
and maximum for each environmental 
Jactor with a range in-between carlled 
; ' * the -critical rahge which represents the 
» f-ange of tolerance (Figure, 2). The 
actual range thru which an organism can 
grow, develop and reproduce normally 
is usually much smaller than its total 
^cangfi 0^ Jtole'raoce. ^. ^ 



Purely delet^Jriptfs factors (heavy metals, 
pesticides, etq. ) have a maximum' * 
tolerable valu^, but no Qptimufn (Figure 4). 



Relationship of purely harmful 
factors and the abundance of 
organi'Sm's. 



Tt)lerance to environmental factor^ 
varies widely ampng aquatic organisms. 



A species may exhibit a wide range' 
of to^rance toward oije factor and a 
narrow >4^nge toward another*" Trout, 
for instance, have a wide range of 
tolerance f6r salinity and a narrow 
range for temperature. ■ 

AU stages in th'e life .history' of an 
organism do not necessarily have the 
same ranges of tolerance. The 
period of reproduction is a critical 
time'in the life cycle of mqst * 
organisms'. 

The range of tolerance toward one 
factor may be modified by another 
factor. The toxicity of most sub- ^ 
stanc'es. increases as^he temperature 
increases. 

The range of tolerance toward a given 
factor may vary geographically within 
'the same species. Organisms that 
adjust to local conditions are called 
e CO types . ^ \ . ' 
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Significance of "Limitipg Factors" to Population Variation 



e The ran^p of toleranae. towa^ a given 
factor ma> vary seasonally. ^ In general 
organisitis\tend to be more sensitive 
to environipental changes iri. summer' 
than in other seasons. 'This is 
primarily due to the high^ sunder 

^ temperatures. ' / 

A Vtide. range oi disti^ibution of a species 
is usually the result of a^vide range of 
tolerances. Organisms with a wide 
range 6f tolerance for all factors are 
likely -to be the most widely distributed, 
although their g^o^^th ratQ may vary 
greatly, one -year old. carp, for 
instance, may vary in size^from less 
than an ounce to more than a pound 
depending on the habitat. 
« 

To express the relative degree of 
tolerance for a particular environmental . 
factor the prefix eury (wide) or steno 
(ijarrow) is added to a term for that 
feature (Figure 5). 



STENOTHEIMAI ^..vvt^r^A*. STENOTHERMAL 
tOUGOTHEIMAlJ^"^^"'***- (FOtYTHERMAL) 




TEMPEKATUKE 



Figure 5. 



Comparison of "relative ^limits ot 
tolerance t)f stenothermal and 
eurythermal organisms* 



C The law of the minimum as it pertains to' 
factors affecting metabolism) and the law 
of tolerance as it relates to density and 
distribution, can be combined to form a 
broad jTrinciple of limiting factors. 

1 The a^)undance, distribution, activity' 
and growth of a population arejdeter- 
mined by a comynation of factors, any 
one of which may through scarcity or 
overabundance* be limitinrg. 

t • 

2 The arrtificial introduction of various 
substances into the environment tends 

' to eliminate limiting minimums for 
some sj^ecies and create intolerable 
maximums for others. 

3 The biological productivity of any body 
of'*water is the end .result of interaction 

^ of the organisms present with the 
surrounding environment. 

Ill VALUF>ND USE OF THE PRINCIPLE OF 
^ UMITI^G FACTORS 

A The organism-environni'ent relationship 
is apt to be so complex that not all factors 
^ are of equal importance in* a given situation 
some links of the chain guiding the organisr 
are weaker than others? Understanding 
*he broad principle of limiting factors and 
the 'subsidiary principles involved make 
the task of ferreting out the weak link in 
a given situation much easier and possibly 
r less time consuming arid expensive. . 

1 If an organism has a^ide range of 
tolerance for a fac 
rel^ti\?'ely constant 
that factor is not li 
The factor cannot b 



Xiv which is 
in the environment 
ely to be liniiting. 
completely 



eliminated from consi 



because of factor interaction 



eration, however, 
/ 



If aji organism is known to have narrow 
limits of tolerance for a factor which is 
' also vapriable in the environnr/ent, that 
ifactor merits car«fuj study since it • 
.nvi^t bie limiting. ♦ 



Significance of **Limitlng Factor3" to Population Variation 



B 



f 

^ r 



Because of the comple^fity of the aquatic 
environmeni, it* is i}ot always eas^to 
isolate the factor in the environment that 
is limiting ,a particular population. 
Premattire conclusions may result from 
limited observations of a particular, 
situations. Many important factors may 
be overlooked unless a. sufficiently long 
period-of time is covered to permit ihe 7 
factors to fluctuate within their ranges of 
possible variation. Much time and money 
"^may be wasted on control measures jvithout 
the real.limiting factor ever being As- 
covered or the situation being improved, 
c 

Knowledge of the j/rinciple of limiting 
factors n^ay be u/ed to limit the number 
of paranieters tbbt need id be measured-or 



particulars Study. Not all 
physical, chemical and 
.meteors nefed to be measured 
►r each study undertaken, 
pollution survey are not to 
^erve long lists of possible 
but ip discovejr' which , 
factors are significant, how they bring 
about their effectsr"1*^ source or sources 
of the problem, and wK^ control measures. 



observed for 
of the numero 
biological pa 
or observed 
The aims of 
make and ob 
limiting facto 



• v. 

Specific factors in the aquatic environment 
determine rather precisely what kinds of 
organisms will be present in a particular 
area. Therefore, organismB present or 
absent can be used to indical^^ environ- 
mental conditions. The^diversitY^'^6( 
organism? provides a better inciigfition of 
environmental conditions than doe'^; any 
single'^specres." Strong physio-chemical- 
limiting factors tend to reduce the diversity 
within a community; more tolerant species , 
are then able to undergo popula^on growth. 
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i ALGAE AND CULTURAL EUTROPHICATION 



I. INTRODUC^nON 



3 Nutrients 



This topii: covers a wide spectrum of item^ 
often depeitding upon the individual discussing 
the subject and the particiflar situation or 
objectives that fife is trying to "iH'ove", 
Snce the )vriter is not a-biologist, these 
^viewpoints are'^^'from the outside- looking in". 
Any impression of bias is intentional. 



Some Definitions are in Order. to Clarify. * 
Terminology: 

1 Eutrophication - a process or action of 

becoming eutrophic, an enrichment. 
. ' To me, this. is a dynamic progression 
[ chtoacterlzed by nutrient enrichment. 
Ulke many deffiiitions, this one is notr' • 
precise; stages of eutrophication are 
classified as olig-, meso-, and eutrophic 
^ depending upjon increasing degree. Just 
^ how a given Dody of water may be 
classified is open to question. It 
depends upon whethej: you fook at quiet 
or tyrbulent water, top or 'bottom 
saemples, season of the year, whether 
it is a first impression or seasoned 
ji|dgement. It also depends upon the. 
, jwater^use in which ypu arje Jnterolsled, 
such as for fiehing or' waste discharge. 
The transitional 'stages are the major 
problems -.it is loud and clear to a 
trout fisherman encountering carp and 
scum. 



\ 



2 Culture 

• Fostering of plant or 4nimal growth; 
cultivation. of living material and 
products of such cultivati6n, tioth fit. 
Some degree of control is implied but/ 
• , the control may have limitations as 
well as advantage^lHuman cultural 
developnient has foe?|recl human num- 
bers successfully, but, has promoted 
rapi(3 degradation of his natural environ- 
\nent. ^ • 



B 



A component or element essential to 
sustain life or living organisms. This 
includes many different materials, 
some in gross quantities - others in 
minor quantities. Deficiency of any 
one essential item make living 
impossible. Nutrients needed in large 
quantities include carbon, hydrcjgen, 
oxygen, nitrogen, phosphorus, sulfur 
and. silica. N and^P frequently are 
loosely considered as "the"nutrients 
because of certain solubility, con- 
version and "known" behavior' ^ 
characteristics . « • 

J\ ^ ^ , ^ 

4 Algae , ' ^ 

A group of nonvascular plants, capable 
of growth on mineralized nutrients with 
the aid of chlorophyll ajid light energ^ 
known as producer organisms, sSince . 
the ifood chain is. based directly or 
, indirectly upon, the organic -material 
^j>roduced by algae. ^ 

Now that we hav^^Qbacked into" the4,itle 



2<itl€ 



words via 'definitions, son;ie of the 
ramifications of eutrophication, nutrient 
ehrichm^nt,^ and cultural behavior are 
possible. ^ ' , " 



II NUTRIENTS INTERRELATIONSHIPS ^ 

A vAll nutrients are interchangeable^in form, 
solubility, availability, . etc. There^are 
no *^end" products. We ca^ isolate, cover, 
convert to gas liquid or s6Hd, . oxidize, 
reduco', complex, dilute, etc. - some 
time, some place, that nutrient may 
re<5y9le fis part of cultural behavior. 

1 Water contact is'a major factor in 
• recycle.dy3\amics just as water 

represents two-thirds or more of cell 
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• / 

-mass and appears to be the medium in 
which living forms started. Waste 
disposal interrelationships (Figure 1) 
suggests physical interrelationships of 
^oil, air and water./ The wet apex of 
this triangle is the basis for life. It's 
difficult to isolate water frofirthe soil 
or atmosphere - water contact means 
solution of available nutrients. 

IMTEPv?.?:L^TIO^JS!ll?S 



ATMOSPHERE 

A- 




V/ATER t. 



Figure 2 takes us mto the' biosphere (1) 
via the soluble element cycle. This 
refers mainly to, phosphorus interchange. 
Phosphorup of geological origin *may be 
* solubiii:?ed in water, used by plants or 
- animals and returned t9 water. Natural 
" nfovement is toward the ocean. Less 
phosphorus returns by water transport. 
Phosphorus does not vaporize; hence, 
atmospheric transpo^ occurs mainly 
ias windblown du6t. Man and geological 
upheaval, partially reverse the 'flow of 
phopshc^TUS toward the ocean sifik. 



SOLUBLE ELEPEtJrcyCli 



ATUOSPHERE 




1 U^^^^. * X --^^ 

\ J BIOSPHERE \ 



LITIIOSPIIERE \ 



HYpROSPi;::^E 



c 



The nitrdgen cycle starts \yith ele-* 
Yn^ntarnltrol'^n in the atmosphere. 
It can;;pe converted to combine d'form 
by electrical discharge, c'ertairi 
bacteria and algae, some plants and 
by industrial fixation. Nitrogen gas 
thus may go directly into plant form 
or fee fixed before entry. Denitrifi cation 
occurs mainly via saprophytes. 
» (Figure 3) Industrial fixation is a 
relatively new contribution to 
eutrophication. ' 
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Carbon Conversions (Figure 4). show 
most of the carbon in the form of, . ** 
geological carbonate (1) but bi^carhonate 
and-COg readi^ are ctDilyerled to plsmt 
, ceB maj fi g oft d ixjto other' life forms'. 
Note the_i;elatively small fractipn of 
carbon in li'WLng mass. 
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Nutrient Growth Relationships 

Nutrient cycles could go on, but, life 
depends upon a mixture of essential 
nutrients under favorable conditions. 
Too much of any significant item in the 
wrong place may be considered* as 
pollution. Since toxicity is related to 
chemical concentration, time of exposure 
euld organism sensitivity, tdamuch . 
becomes toxic. K it happens to 6e too 
much growth, its a resuft of'eutrophication. 
•How much* IS generally more important 
than tl^ »what* ? Both' natui^al and manmade 
^.processes Wad to biolb^cal conversions, 
to pollution, to eutrophicati6n and to 
toxicif]^ Man is the only animal that can , 
concentrate, speed up, invent, cjf* otherwise 
alter these conversions to mjake a collossal 



me«s. 



Life forms haVe be^tL-forxniilated.in 
terms of elemental or hUtrient com- • 
ponents "many times. .The simplest is :^ 
C^HoPnN.' A more complex formula^ 



SiiylgMngKgNaSg^Zn 



This includes 



IB elements. More than 30 have been 
implicated as essential and they still 
would not, "live", unless they were 
Kiorrectly assembled. As a nutrient 
Mnemonic H. COPKINS - - Mg(r)- 
CaFe-MoB does.faif'ly well. It also , 
indicates lodine-I, Iron-Fe, 
Molybden^;n-Mo, and Boron-B that 
were hot included earlier » 

,The Law of Distribution states that 
"Any given habitat tends to f^vor all " 
suitable species - any given species 
tends to be present in all suitable * 
habitats. " Selection tends to favor'the 
most suitable species at a given place 
cind time. 

Liebigs Law of the Minimum, states 
that "The, essential material available 
in amounts most closely approaching 
the critical minimum will tend to be 
the limiting growth -factor. " 

Shelfords law recognizes that'there 
will be some low concentratior^ of any 
nutrient that will not sjip^rt .growth. 
Some higher concerltratiori will stimulate 
growth. Each nutrient will have some 
still higher concentration that will be 
bacteriostatic or toxic. This has been 
discussed earlier but was considered in 
a different manner. * ^ 



m BIOLOGICAL PROGRESSIONS 

The biological "balance" appears to be a very 
trahsitory condition in cultural behavior^ 
Man favors 'production. A steady state 
"balance" does not persist very long Unless 
. energy of the system is .too low to permit 
significant growth. A progre"sslon.of species 
where each predominent form thrives for a • 

. time, then -is displaced by another t'empQrarily 
favored group is usual. Yearly events in the 
lawn start with cliickweed, then dandelion, 
plantain, crab grass, ragweed, etc., in . 
successive predominence. Occasionally, 
more 'desirable grasspsi may appear on the 

• lawn, ^rass ijs a selected unstable "culture" 
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A Figure 3 shows a biological progression (2) 
following introduction of wastewater in an 
urman^ed stream.^ Sewage or slime ba cteria 
proliferate rapidly at first followed by 
ciliates, , rotifers, etc. *^^sl/ 
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Figure 5* BoeteHp thrive ani fin«"^ become prey of the ctliates^ which in turn are food for the Ajtifers and crustaceans. 



B Figure 4 'shows another* progression of 
bottom dwelling larva* Here the sequence 
of organisms changes after^wastewater 
introduction from aquatic insects to sludge ■ 
wonns,' midges, sow bugs and then to 
re-esttf6lishment of insects. 
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THE BIOTA 

SLUDGE WORMS . 




Figure 6. Iht poputatlcn curve t^f ^Figure 7 it competed af a teriet,ef maximo 
fdr Individual tpeciei, each mult7p(y!n9 and. dying aff at ttrfam canditiont ypjy* 

V ^ " » * 
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C Another progreslsion after waste 

introduction changes the biota from / 
an algal culture to sewage moulds with 
later return to algal* predominence. 
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WFigUre 7shortly after svwoge dischargt, th« moutdfattam maximum srowth. 
These are atsoel^td with sludge deposition shown in the lower curve. The sludgo is 
/decomposed gradually; as conditipns cleor up, alg^e gain a foothold and multiply. 



Figures 5, 6, and 7 are shown separately 
"onty^be cause one visual would be unreadabl^ 
wi^h'all possible progressions 'on ill There' 
ate progressions for fungi, protista, insect 
larvae, worms, fish, algae, etc. Each 
wi ll pf>rf<^^^ may perform. 



species 



It^it^cannot cpmpete- successfully, it will < 
be replaced by those that can compete, 
under prevailing conditio!^ at the tifne * 
Conditions shift rapidly with rapid ^owth. 



V IJhe inte»*^qtion6 pf bacteria or fungi and 
alg^e^,,*^(1Ft^e 8) are particulatrly • , 
sig^xifican^to eutrophic^ion^ 



The bafcteri^a or the saprophytic group 
. amoDg\lhem tend to work on preformed 
brigaruc materials - pre-existing organics 
frcto'dead or less favored organisms* 
Algal cfells prpdupe theyorganics from 
* light ejij^rgy chlori5|3^yll and mineralized 
nUtrifetts. This is a happy combination 
fonboth: The algae release the oxygen 
^'tor use by the bacteria while the bacteria 
4lease the ^g^ne^ded by the alg^e. 



• Since the algae also acquh'e from 
the atmosphere, frbm ^^Jslewater and 
from geologital sources, it always ends 
up with mctfe enrichment of nutrients in ' 
the water - more enrichment means piore 
growth and growi ngtorganisms eventually 
clump&and deposit. The nature of growth 
shifts JS^m free growth to rooted forfhs, 
starting in the shallow.s. Another 
progression occurs (Figures 9 and 10). 

It is this relationship that favors profuse 
nuisance growth of al^ae below significant 
waste discharges. There is a trehiendous 

^ pool of carbon dioxide available in 
geological formations and in the ain 
Transfer to the water is signidfeant and 
encourages algal productivity a^i^ evenfual 
eutrophication of any body of water, but, 
this does not occur as rapidly as when the 
w^ter body is super saturated with CO^ 

^ from bacterial decay of wastewater 

discharges or benthic deposits from them. 
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B Nitrogen arid phosphorus af e essential 
forjgrowth. ,Th^y also are prominently 
considered inr eutrophication control. 
^ Algal cell ma*&s is about 50% carbon, V 
15% nitrogeh^nd ^ppf-dximately 1% 
phosphorus not considering luxury uptake 
iit excess of immediate use. Phosphorus 
IS considered as the most controllable 
'fSkjaiting nutrient. It's control is com- 
- ^ plicated by the feedback of P from^ibenthic 
sediments and surface wash. Phosphorus 
• . • removal means solids removal. Good 
clarification is essential to obtain good 
removal of P.- This also means, improved 
removal of other nutrients- a major - . 
* advantage of the P removal route. Both ^ 
N & P are easily converted from one form 
to another; most formi^^e water polUble. 



V SUMMARY 

Control d^teutrophication npt entirely 
possible. 'Lakes must eventuallv fill with 
b.enthic sediments, siirface waiSn and 
vegetation. Natural processes eventually 
.clause-filling. Increased nutrient discharges 
frorS added activities ^rojssly increase filling 



We produce more nutrients per capita per 
day in the United States than in other 
nations and much more today than 100 
years ago. More people in population 
centers accentuate the problem. 

Technology is available to remoj? most 
of the nutrifents from the water carriage 
system. 

1 This technology will not be used unless 
water is recognized to be in short ' 
supply. i_ 

♦ * * * 

2 It will not be usedXDile^Svwe*f>lacd a, 

re^^istlc Commodity value on the watfer 
and are willing to pay for. cleanup for 
^ r^u^e. purposes. * ^ 

* • • , 
RAnoval must'be followed by isols^ion of 
acceptable gases to the atmosphere*^^ 
acceptable solids into the .aoil^for re^se 
or storage. Water contact camiot be 
prevented*, but it must be limited o^the 
Enrichment'' Of the water iJody is hastened. 
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CAXJBRATION AND USE OF. PLANKTON COUNTING EQUIP MEJ^J 



I INTRODUCTION . * ^- . 

A With the ^xceptipn of factory- set ^ 
instruments/ no two microscopes can 
be counted^ upon to provide exactly the ^ 
same magnificats^ witfi a(|(y given com- o 
^ bination-of ocula^ and objectives. For 

. * accurate quantitative studies, itiSvtheJre- ^ . 

, ' fore necessary to standardize^or "calibrate" 
each, instrument against a known standard, 
scale. .One scale frequently usqd is* a 
microscope slide on which two millimeters 
are - subdivided into tenths, and two addir , 

* tional tenths* are subdivja^ed into hundredths. 
Figure 3. , * / ^ - 

J 

B In or(4er to pxdv^de an ^iccur^te meas^^uring /• 
device in tho^inicVoscope, a^Whipple > 
'P^anlcton Counting Square or reticule ' 
(Figure 2a) is install^cl in one ocular ^ ^ 

♦ (there are many different types of reticules)^ 
\ This square is theoretically of such^ sizis V 

that with a lOX objective, a lOX ocular,^ / . 
and^a tube length* of 160 mm, -the image * ^ ' 
of the^square qovers a square are;^ on the^ ^ 
slide one -mm on a slide* Since this 
objectiVf is ra^el^ attaineci hpwever, ^rnorst 

* ^mici*os«)pes must'b4 standardized, oi* ^* ^ 

c1k>ibl^ated"*as cfescribed b^low in order. / 
to ^sceftaih the actual size\or the/\^hipple ^ 
^Square as s^eetj'throtiglj^tjje microscopes^ 
' "{hereinkftel^ Vefeivre^jQ as'the ^^iVtiipplQ • *> . 

• 4eld"|f. VHis prWe^*is^ schematically:' % 
^ *repr^ntej jn Figurfe^ and'7. If the ^ 

* Whipple feyeptece is to be lised at more ^ 
thaa<5nfe. magnification, it must-be rS^cal^-; t . 

^brated for each. A basic typ^ of moi\ocular • 
' * - microscope is" shown in Figure 1. . , • 

• <^ • , « 
. C IVficroscopes with two-eyepieces (binocular) 
ar« a convenience but not essential.* Like 
mocifern car>\they are not onjy great / 
"performers, but also complicated" to 
service or, in this instance, calibrate. , 
' i On some instruments, changing the inter- 
-^pupi/ilary distance also changes the tube 

length, on others it does not. The "zoom^* 
' feature<on certain scopes is also essentially 
a s^^tem. for* changing the tube' length.. 

-The resultant is that in addition to calibrar ' 
tion at each combination of eyepiece and 
4 - objecUye, any other factor w^bich may4» , 
. *^ affect magnification must also be^considered. 

• - In someinstances ^hiis may mean letting up 

a 'table of calibrations at a series of micro- 
c;3Cope s^ttiags. . . 



Another prScedureas to select ,a value 
o^or each of the variables involyed^ (inter- ' 
pupillary distance,"^ oom, etc.) and^ 
calibrate the' scope at that conjbinjitionj^^ 
Tben eacji time tbe^scope is^o be used for 
' quantitative work, re-set each.variabteno* 
the ^a,lue selected. A separate njultipli; 
cafion factor must be^^calcGlated for eacfi 
adjustmer^^ which changes |he magnification 
of*tbe instiyiment. ' *.» * #* 

Since the Whipple Sejuare can be used to 
measure both9linear dimensions and \ • 
square areas, both sh^ld be recorded on 
an appropriate form. suggested format 
is ^shown in Figure 6. ^ ' ^ * ^ * 

(Data writtem^n are used as^an illustration 
and are i}ot intehded to apply to any 
particular^micrbscope. An unused form 
is included as Figure 6-A^ )»^'* ' 

^ ' , ^ •* - . 

THE CALIBRATIQ.NPRQ6EDliR;E 

Installing the Whipple Square or* Reticule , 
\ ' ;^>^ r ; . ! 

' ' To install the^tetic\ile i» the '<3cu&i 
» (usually -the right one on a binocyl 
-.'.'micYoscope)^ carefully unscre^ the' uppe^r v , 
'/ Vlenir^ mounting ar!d,p]^'ce ^he reticule on 
thh (flrcujar diaph3:agm or shelf ""v^ich* will 
be foul* ateroxihiatQly half way cjoyf^^-inside 
(Figure 4):^«Qeplac^ the" lens* mpunfing Snd* 
observe the «matkings on 'the rettcule. If ^ 
they are not in shaVp focuSj rfemova and 
turn the reticule ov^r. 

On reticules with the Jtnarkings etched ^n 
\^ one sid^ of a ^lass disc, the etched sur- 
£ace tan usually >e recognized by shifliijg . 
the disc at the proper angle in a light. - 
'the markings v^iH usually 'be inlhe beat 
, focus vvith the etched su?face down;* If the 
niarkings are sandwiched between tvfpj.0.a&B 
dlBcS cemented together, both ^ides are'' - 
aliice, and the foctrs m'ay not be quite as 
" shar^pk ' * 



A 



B Observation of the Stage Microm 



V. 



Replace the ocular in the* fnic rose ope and 
Observe the stage mifctometer as'is illus- * 
.Ar^ted schematically in Figure SV Calibration 
J ^of^the Whipple Squane. On a- suitably ruled 
^^form'stfch as the Qne illustrated*! Figure 6, ? 
^'Calibcation Data/ record the*actual distance,^., 
^in ^iUimeters subtended by the image of 
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the entire jWhippleffield and also by each ^ 
of its subdivisions. *This shoilld be 
^etermioed for each significant settling of, 
the interpupillary distance for a binocular 
I microscope, and also for each combination 
of lensesi|pmployed. Since oculars and 
objectives marked with identical magnifi- 
cation, and since microscope fr^es too 
may differ, the serial or other identifying 
number of those actually calibrated should 
be recorded. * It is thus apparent that the 
defeifminations recorded will only be ^alid 
when used With the lenses Hst^d ai^ on that 
particular microscope. 

: Use of the 2 OX Objective 

Due to tAe short working distance beneath 
a 46X (4mm) objective, it is impossible 
to focus ito the bottom, of the.Sedgewick- 
Bafter planfctbn, counting cell with this'lens. 

lOX (16mm) lens on thei other hand * - 
"wastes" space.between^the front of the 
lens und the cov^rglas^ even when focused ' 
on the bottom ofjhg,«cell.' In order to ihake 
• tHe mpsrieffici^pntuse jJossible of this cell . 
then, an objecti.ve of intermediate focaljj 
length is*desirable: lens with a focal 
length of approximately '8 mm, havrng a 
magnification , of 20 or 21X will meet these 
requirements. Such lenses are available^ 
from American manlifacturers and are 
recommeaded for this type of*work. 



. in CHECKING THE CELL 

* * * 
The internal dimensions jDf a Sedgewick-Raftei''^ 
plankton counting cell^sHould be 50 mm'long 
by 20 mm wide by 1 i;nm *deep (Figure 8), > , <* 



^ The actual ohorizontal^Iimensions of each new 
cell should be checked with caliper^, and the 
depth of the ceJX checkeci at several points 
around the edge using the vei'tical focufeing 
scale engraved on the fine adjustment knob of 
•most microscopes. Ojte^ complete rotation of • 
the knob usually raises or lowers the <4»jective 
1 mm or TOO microns (andjeach single hiartc 
equals 1 micron). Thus, approximately ten 
turns of the (ine'adjustment knob should raise 
the focus from the i)ottom of the cell to. the 
underside of a coverglass testing on the rim. 
Make these.measwrements^on an empty cell.- 
The use of a No. Y or- 1-172, f 24 X 60 mm 
coverglass is recommended rather than the 
'heavy coverglass that comes with the S~R 
cell, as the tjdnner glass will somewhat con-. 

. form to any irregularities of the cell rim 
(hence, also making a tighter seal and reduc- 
ing evaporation wl:jen in actual^se). Dp not 
attempt to focus qh the upper slirface of the 



rim of an^mpty c^ll for the above depth 
measurements, as the coverglass is supported 
by the highest points of the rim only, which 
ai?e*very difficult to identify. Use l^he average 
of all depth measurements as the "true" depth 
jOf the cell. To^ simplify ca*lculations below, It 
will be assumed that we are dealing with a 
cell with an average depth of ^exactly 1. 0 mm. 



IV PROtEDURE FOR STRIP COUNTS USING 
THE SEDGEWICK-RAFTER CELL 



A Principles , * ' *) 

Since the tt>tal area of the cell i«- iOOO mm^., 
the total volume is 1000 mm*^ or 1 ml. A ' 
"strip" the length of the cell thus constitutes 
a volume (Vi ) 50 mm long, 1 mm deep, stnd 
the width of the Whipple field. ^ 



The volume of such a strip 'in 



is: 



= SOX- width of field X depth 

= 50 X w^'l 

^■^^ 50* w . 

In th^xample. given below on the plate 
entitled Calibration ^ta, at a magnification 
of approximately 20t)X'with an dnterpupillary 
. setting of "60", the width of the .Whipple 
field is recorded as "apprQ^^mately 0. 55 mm 
(or 550 microns). In this case, the volume 
of the strip is: • , , 

' V^= 50 w =^ 50 >ro. 55 =^ 27. 5 (mm?) 

B Calculation of Multiplier F.actor 

In Drderto convert plankton counts per 
strip to counts per ml,* it is simply..-,^ 
/lecessary to multiply the count obtained 
by a factor (Fj which represents the 
number of timts the volume of the strip 
examined^(Vi) would be contained iri^ 1 ml or * 
Thus in the example given | 

3 

F - volume of cell in mm 
^ " , volume examined in mm"^ 



1000 mm^ 
above: 



1000 



1000 
27. 5 



36. 36 



approx. 36 



V 
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If more than one strip is to be counted, _ 
the factor for twd, three, etc. , /strips * * 
could be calculated separately using the 
same relationship^^ outlined above, changing 
only the measurement* f©p-the length of 



Id 3 



4 





Figure^.l. 

A) coarse adiustment; B) fin ? adjustment; 
C) ^rm or pillar; D) mechaa cal stage which 
holds slides and is movable :.n two cSrectioris 
by me^ns of the two knobs; iJ)^ivot or joint. 
This should not be used or 'proken" while 
counting plankton; F) eyepiece (or ocular cf: 
figure 4); G) draw tube. T;ii& will be found 
on rnonocular microscopes only (those having 
only ohe eyepiece)* Adjjasirient of this tube 
is very helpful in calibratl^/f the microscope 
for quantitative cotmting (Se^ 5. 5. 2. 2. ). 
H) body tube. In some m&k of microscopes 
this can be replaced with a l)ody tube having 
iv/o eyepieces, thus mgddrig the 'scope into 
a "binocular. " I) revolving nosepiece on 
which the objectives. are mounted; J) through 
M are objectives,^ any one cf which can be 



MICROSCOPE ^ ^ i ,1- 

turned toward the object being studied. In 
this cas^ J is. a 40X, K is a XbOX, L is a 20X, 
and M is a lOX objective. The product'of 

. the magnification pow^r the objective being. 
uSed times the magnification power of the 
eyepiece gives the total magnification of 4he 
microscope. Different makes of microscopes 
employ objectives oi slightly different, powers, 

^ but all are approximately equivalent. N) stage 
of the microscope; O) Sedgwick-Rafter cell in 
place for observation; P) substage condenser; 
Q) mirror; R) base or staiid; note; for 
information on_the optical system, consult 
reference 3 ' • • • 



I 



(Photo by DbnTVIoran. ). 
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Figure 2 



Types x>f eyepiece micrometePydiscs or 
reticules (reticules, graticules, etc.). 
When dimensions^are mentionet} in the 
following description'^ they refer to the 
markings on tjie reticule discs and not to 
.the Injeagurements subtended on the micro- 
scppe sUde. /The latter must be, determined 
by calibration procedures such as those 
described elsewhere, (a) Whipple plankton 
couhting- eyepiece. The fihe ruU^gs in the 
subdivided square are sometimes, extended to 



Jthe margin of the large square to facilitate" 
the estimation of si^es of organisms in 
different parts of the field, (b) Quadrant 
ruling with 8. 0 mm circle, for counting * 
badteria in milk smears for example, (c) 
Linear scale 5. 0 mm divided into tentha. 
For TnpfitVurLf?r>^"^ of linear dimensions. ^ 
(d) Porton,r^cule for estimating the size 
of pafrticles^The sizes Qf the series of discs 
is based on the square root of two so, that the- 
areas of successive discs double aa::th.ey 
^ progress in size. 



ERIC 



Calibration and Use (^f Plankton Counting Equipment 



V 



/ strip counted. Xhus fipr^tw o strips in the 
e:MLinple cited above: \^ 

- lOOW = 100 X 0, 55 = 55 mm^ • 
1000 ^ ^ 



1000 ^ 



18. 2 



It will howevei^ be noted thkt = -g^ . 

Like\vise a factor for three strips 
would eq^jal or approximately 12, etc. 

C^ An 'Empirical "?tep-Off" M^hod 

% * 

A simpler but more empirical procedure 

, for determining the factor is to consider 
that if 'a strip 20 mm wide were to be 
pounted the length of the cell, tl^t the 
entire 1000 mni^ would be ineluded 'since 

^ the cell is 20 mm wide and I'mm'deep. 

This 20 mm strip width can be equated to 
1000 mm^. If a strip (or the total of 2 or 
more strips) is less than 20 mm in width, 
the quotient^of 20 divided by this width will 
be a multiplier factor for converting from 
count per stFip(s) td count per ml. 



Thus in the example cited above where at 
an approximate magnification of 200X and 
with an interpupillary sfetting of 60, the 
width of the \irhipple field is . 55 mm. Then: 

F^= = 36.36 or approx. 36 . 

(as above) * 

If two strips aVe counted: 



55 




TTO ^2 



r 

20 
1. 1 



'18. 2 = approx. 18,^etc. 



his same value could be obtained^ithout' 
e use of a stage micrometer by ^refully 
oving the cell sidewise across the field 
f vision by the use of a mechanical stage., 
CQunt the number of Whipple fields ih the 
^width of the cell. There should be ap^roxi- 
a^ely 56 in the instance cited above. 



'/SEPARATE FIE LI3COUNTv USING THE 
SEDGEWICK-RAFTER CE;^L 

A Circdmstances of Use 

The use of concentrated samples, local* 
established programs, or other ci|*cumstantes 



Figure 3. STAGE MICROMETER ^ ^ 

The type illustrated has two millimeters divideij into tenths, plus two additional 
tenths subdivided into hundredths. 
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Figure 4 J Method of Mounting-the Whipple Disc in an Ocidar. -Note the upper 
lens o? the ocular which has been carefully unscrewed, held in the left 
hand, and the Whipple* di^c, held in the right hand. * (Photo by 
, — Don Moran). 
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CAHBHA HON OF WHIPPLE SQUARE 

\ii seert with lOX Ocular and 43X Objective 
(approximately 430X total magnification) 



•\.. 



WhippJe Square as 
seen through'oruJaf 
("Whipple field") 




, OXinm 
(10k) 



^*Small squares" subtend 
one Ofth of^ large squares' 
. OOsl^nm or 5 2ji 



"Large square" subtends 
one \enth of entire Whipple 
Square: .026 mm or 26^ 



Apparent lines of sight 
subtend . 26 mm or 260^ 
on stage micrometer 
scale 




1mm 
(100^) 



PORTI05I.OF MAGNl PIE EV IMAGE OF STAGE MICROMETER SCAl-E 



Figure 5 

^ CAUBRATfON OF THE WHIPPLE SQUARE 

The apparent relationship of the Whipple micrometer with ^ magnification of 

= Square is shown ae it is viewed through a ' approximately 43 OX (lOX ocular. and 43X 
microscope while looking at'a stage - objective). - . 
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MICROSCOPE CALIBRATION DATA 

NTici^oscope No. 79 



\ 

Ap*- 'oximate 
' ; -"^a^riification 

- 


Tube 
' Length, or 
Inter puplUa^r 

Setting 


Linear dimen8ion5_fiLyhipple 
squares in millimeters*. 


Factor for 
Conversion 


Whole 


Large ~ 


Small 


to count/ ml 


iOOX. obtained with 






(2 S-B Strips) 


• Objective 
Serial No. 

















/. /.?^ 


0. ii.i 


O. CJJL 


8.9 


and Ocular 
Serial No 


Uo 


/. 


O.lll 










1. IDO 


0. 110 




9.J 














200X, obtained with 






^ (2 S-fl Strips) 


Objective 
Serial No. 


> 














O.SLO 




0,0 //A 




^ . and Ocular 
. Serial No. 




O.SSO 


a OSS 


O.OIIO 




> /!)9L7^L(f0x) 






aos^ 


■0.0109 
















400X, obtained with 








(NannopUnkton) 
(cteU- 20 fields) 



Objective ! 
rSerial No. 


■ 












n.2i.7 








and Ocular 
Serial No« , 


CO 










' 70 























*1 mm = 1000 micrtjiis 



IMlcroscope calibration data. The form 
shown is suggested for the ;recording of 
data pertaining to a particular microscope^ 
Headings could be modified to suit local 



situations. For exapiple, **Interpupillary 
Setting** could betreplaced by '"Tube Length 
or the Strips'^ could be replaced by 

"per field" or "per 10 fielcjs- " ^ 



/ 



Figure 
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MICROSCOPE CALIBRATION. DATA 
I Micfoscope No. 



- ■ 7 

Approximate 
Magnification 


Tube 
Lt-ngth, 'or 
Interpupillary 
' Setting 


* - 

i.irtear dimensions of M^hipjile 
, squares in millimeters* 


Factor for . 
Conversion 


Whole 


* Large 


Small 


to count/ ml 


lOOX, obtained wUh 








(2 S-H Strips) 


Objective 
Serial No/ 
























and Ocular 
Serial No 





































Objective 
Serial No. 










9 


/ 








— -It 


and Ovular 
Serial No. 

> 






P 




























400X, .obtained with 


1 


(Nannoplanliton) 

(cell- 20* fields )^ 
' i 


Objective 
Serial No. 


V I ■■ 





















and Ocular 
Serial No. ^ 




























4' 


k 

/ 





*lmm - 1000 microns 



MICROSCOPE CALIBRATION DATA 



Figure "6^ A 



BI. AQ, pi. 8. 10. fiO, 
V 



Sugge^sted work sheet for the calibration of a microscope. Details will need to be adapted 
to the particular insfrument and situation. ^ 
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' S^R COVER 
GLASS- 



—WHIPPLE SOGARE 




THICKNESS S-R SLIDE 



; ^- , - Figure 7 . ' 

' ' - * 

A cube' of ^ater as seen through a Whipple square at lOOX magnification in 
a Sedgewick-Rafter.celL The figure is drawn as if the niicro^cope w^re 
focused on the bottom of Ahe cell, making visible .only those organisms lying 
on the bottom of the'^celL The little ''bug" (copepod) halfway up^ and the 
algae filajment at the top wauld'be out of focus. The focus must be rfioved up 
and down xn order to study '< or count) the entire cube. 
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may make it necessary to employ^the mc>re 
conventional technique of counting one or 
more separate Whipple fields instead • 
the strip count method. The basic relation- 
ships outlined above still hold, namel^^ 

\ 3 

p = volume cell in mm ^ 
volunrie examined in mm*^ " 

B PrincipJ^s Involved 

The volun\e examined in this case will 
consist of one or more squares the dimenr^,,, 
sions'of the Whipple field in area and 1 pim 
in depth (Figure 7). Common practice 
for routine work is to examine 10 fields, 
but exceptionally high or low counts or 
other circumstances may indicate that 
some other number of fields should be 
employed. In this case a "p^r field" 
factor may be determined to be subsequently^ 
divided by the number of fields examined 
as with the strip count. The follo\sdng 
description however is based on an assumed 
count of 10 fields. 

. C Calculation! of Multiplie'r Factor 

ft 

As stated above, the total volume 
represented in, the fields examined co«- 
^sts of the total area of the Whipple fields 
multiplied by the depth. ' . ' 

y = (side of Whipple field)^ X depth- 

(1 mm) X no. of fields counted) 

For example, let us assume an approxi- 
mate magnification of lOOX {see Figures - 
6 and 7 and .an interpupillary setting of 
"50". The ob3erved Jength of qne side 
of the Whipple field in this case is 1.-13 
' mm. The calculation of is thus: 



, NANNOPLANKTON COUNTING ^* 

For counting nannoplankton using, the high 
dry power (lOX ocular and 43X objective) 
and the '*nannoplankton counting cell" 
(Figure 9) which is 0.4 mm deep, a minimum 
.of 20 separate Whipple fieWs^ is suggested. 
The same gefneral relationships presented 
above (Section IV) can be used to obtain a, 
multiplier or factor (F5)^to corjverf counts 
per 20 fields to counts per ml. - 



= side X depth X no. of fields 

^ 1. 13 X 1. 13 X 1 k 10 - 12.8 mm 

The multiplier factor is obtained as 
above (Section IV ^): 

3 

_ . volume cell in mm 



3 



volum^>examine^ in mm . 
• l£9| = (approxj 78 



* (lA one field were counted, the factor 
^ wobld be 781., for 100 fields it would 

^ be tX. ) 



To take another example ifrom Figure 4, at • 
"an approximate, magfi^ication of 400X and ah 
intferpuf)illary setting of 70 (see also Figurfe ,3) 
we observe that one side of the Whipple field 
measures 0. 260 mm. The volume of the 
fields examined is thus obtainetj as follows: 



V^ = side^ X depth X no. 6f fields ^ * 



= 0.26 X 0. 26 X 0. 4 X 20 = . 54 mm 
and 5 



3* 



= (approx. ) 1-850 



It should be noted that the volume of the 
nannoplankton cell, . 1 ml, is of nao significance 
in thi§ particular calculation. ' 
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Calibration and Use 'of Plankton Counting Equipment 




Area / 

Uncount^ 




Counted 



Figure 8 



Sedge\vick-Rafte^ counting cell showing bottom scored across fcJr ease in counting 
strips. The "strips'* as shown in the illustration simply represent the area counted, 
and are not marked on the slide. The* conventional? dimensions are 50 X 20 X 1 mm, bu£ 
these should B'e checked for accurate work. • ' ' 



Figure 9 



Nannoplanktpn cell/ Dimensions of the circular part of the cell^are 17. 9 mm diameter 
X 0.4 mm depth. When covered with a coverglass, the volume contained is 0. I ml. 
The channels for the introduction of sample, and the release of air are 2 -mm wide and 
approximately 5 prijn long. ^ This slide is designed to be used with the 4 mm or 43X 
Knigh dr^) objective, ' • » , ' * ♦ 
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LABORATORY: PROPORTIONAL COUNTING OF AIIXED LIQUOR 



I OBJECTIVE 

To learn the techniqHes of proportional 
Counting Of mixed liquor samples and 
bfecome familiar with co^imon types 
of microorganisms. 



II i\lATERIALS 

A* Mixed liquor samples, each con- 
* taining a number of microscopic 
forms. • 

*B Glass slices, cover slips, and dropping 
^ pipejs. » 



III PROCEDURES . . 

A Make a wet mount of the' sample(s) 
provided*/ Do not alloW the sli<le 
mount^to evaporate. Add a drop 
to the ^ide as necessary, 
# • 

p First, scan the slide. On .the sheet 
marked, '^Coi'rtmon types of Protozoa 
. and Metazoa", make a check next to 

• *' each: type you find» *Lf you finc^ 
type not illustrated '^ake a simple 
-sketch on th^ reverse of the above . 
sheet. The objefctive here is to. 
becoine familiar with aU of the , 
Common types ot microorganisms " 
fotmd In the sample. 



^C Proportiooal Counting 

1 Fifty count ' ' . \ " 

' a Moving the slide at random count 
o , each type, until ^ total of 50 
^ organisms have been j^^ted. 

. q b TaHy the results and compute tfie 
percentage of e^ich type. 



IV RESULTS 

A Record your results on the board. 

B Discuss the methods ajid the use of 
the proportional count results. 



* \ ^ 

.This outline 'WfLS prepared by Ralph. 9i^clair, 
/National Training and Operational Technology 
Center, OWPO, %'SEPA, Cincinnati, 

'Ohfo^45266^ 

"Descriptor^: Analytical Teehniqufes, 
Activated Sludge 



■ A 



t. 



^ ■ BLCLA.lab.1.5.80 
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JLaboratory: Propo^ti&n^l Costing of Mixfed Liquor 



^STIMATIMG^ THE SIZE OF A PROTOZOAN 




lOx OBJECTIVE . 
lOx EVEPIECE ^ ' 

= 100 ^ TOTAL 

TRACHELOPHYLLUM PUSILLUM 




40x OBJECTIVE 
lOx EYEPIECE 
V40e^ TOTAL 
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Laboratory: Proportional Counting of Mixed Liquor 



COMMON TYPES pF PROTOZOA AND METAZOA 



N 

(0 
UJ 



-Ui 



< 

o 

N 

o 

O 
Q. 





ROTIFER - For size comparison with other microorganisms 




SWIMMING. 



-y t — 










J v. £ 
! 3 ® 


1 * J 




1 'A ^ o 












' 2 


•3 Vi 



CILIATES 

I ' Stentor 
I 
I 



I 




,DorMl 





5 

SUCTORIAN 



' Crawlj{)g 

^ttfl Po»t«rior 



(0 





STALKED CILIATES 



Epistylis i »^ 

I 
I 
I 



PERITRICHS 





lU 

. X. AMOEBAE . FLAGELLATES 
,5^H OTHER PROTOZOA 




telotroch 
stage - 




° Aelosoma 



Chironomus 



WORM LIKE MULTICELLULAR ANIMALS . 
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' V Laboratory: Proportional Counting pf- Mixed Liquor 



PROPORTIONAL COUNTS - 
PROTOZOA AND METAZOANS 



Dat«. 



Count o^anlamt in a random twaap across slida 
Do not soofch fof Articular typas 
lgcK>fa rara orQaniams 

Stop at a total count of oithar 50 or 100 organisms- 



Tally aach organism twica* once In 



Analyst . 



TOTAL 50- 



TOTAL100- 



a total tally box.v9nd onca In tho^ 
appropriata tally box balow 




I- 



Laboratory: Proportional Counting of Mixed liquor 



PROPORTIONAL COUNTS - 
PROTOZOA AND METAZOANS 

^ Dat« 

Anatyst 

Plant 1 



Count organisms in a random swaap across sllda 
Do not saarch for particular typas 
Ignore rara organisms 

Stop at a total count of eithar 50 or 100 organisms 



appropriate tally box below ^ 












' r 


































Aspidisca 




3 




Vaginicola 



IS 



10 



3 





J4 




»Peranema 



IS 



15 




Pleuromonas 




3 



8 





% 



% 



Stentor 



Epistylis 
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Laboratpry: Proportional Counting of Mixed Lie 



PROPORTIONAL COUNTS - 
PROTOZOA AND METAZOANS 



Count organtems In • random swoop odp'ts stido 
06 not MOfch for porticuUir typos 
Hinoro roro orgonlsn^'^^ 

Stop at s total count of oKhor 50 or 100 organisms 




Laboratoxy: Proportional Counting of Mixed Liquor 



7^ 



' PIJQkORTiONAL COUNTS - 
PROTOZOA AlMD METAZOANS 



<55 



Count organisms in a random* swaap across slida 
Do not soarch for particular typas 
tgnort rara organisms 

Stop at a totti count of aithar 50 or 100 organisms 



Data^ 

Analyst . 
Plant 



TOTAL W- 



Tally aa<ih organism twic^, once in 
a total ully box, and onca in tha 
appropriata tally box balow ^ 




Paramecium 



3 





Stentor; 



1 











it 

5 
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SUCTORIA 




Asbidisca - ' 




9 




-Epistylts 



TOTAL 100. 



3 




Vaginicola 



IS 




telotrochs 

r 




Amoebae 



3i 



Pleuromonas 



1. 




I Peranema 



IS 



15 




IS 




Aelosoma 




IS. 
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LabOfratory: ' Propoi^onal Counting of Mixed Liquor 



PROPORTIONAL COUNTS - 
PROTOZOA AND METAZOANS 



Count organisms in a random swaap across stida 
b& not starch for particular typas 
Igiijora rani organisms 

Stop at a total count of aithar 60 or 100 organisms 



Data 

Analyst . 
Plant ^ 



.. . I 

Tally aach organism twica, onct in 
a total taHy box. and onca in tha 
appropriata tally box balow ^ 



TOTAL 60- 



totAlioo- 




Laboratory: Propoi^iona^lXounting of Mixed Liquor 



PROPORTIONAL COUNTS 
PROTOZOA AND METAZOANS 



Count organisms in a random swosp across slide 

Do not.sMfch for particular typas 

ignort' rara organisms ^ 

Stop at a total count of eithar 50 or 106 organisms 



Tally aach organism twice, once in 
a total tally box« and once in the 
appropriate tally box below ^ 



Analyst . 
Plant — 



TOTAL 60- 



TOTAL100' 
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KEY TO SELECTED GROUPS OF FRESHWATER. ANIMALS 



The follo^^dng key is intended to provide 
an introduction to some of the .more 
common freshwater animals Technical 
language is kept to a minimum. 

In using this key, start ^vith the first • 
couplet (la, lb), and select the alternative 
that seems most reasonable. If ^ou 
selected/'la" you have identified the 



animal as a men^berpf the group, t^hylum 
PROTOZOA. If you selected "lb' , proceed 
to the couplet indicated Continue^this 
prQcess^until the selected statement is 
terminated with the naitie^f a group. 

If you %vish more information about 'the 
group, consult references. (See reference 
■list. ) 



Key to Selected Groups of Freshwatei><Animals 



la The body of the organia^n comprising 
a single microscopic independent 
cell, or many similar aicj' indepen- 
dently functioning cells Associated 
in a colony with little or no differ- 
ence-between the cells i.e. , with- 
out forming tissues; or body coiTi- 
prised of masses of ^multinucleate 
protoplasiTi. Mostly microscopic, 
single celled animals. - * 

Phylum PROTOZOA^ 

lb The body of the organism com^ 
prised of many cells of different 
kinds, i.e. forming t^s^sues. . 
May 5e microscopic or macro- 
scopic. 

2a .Body„pr colony usually forming 

irregular masses or layers some- 
times cylindrical, goblet shaped, 
vase shaped, or tree like, pize 
range from barely visible to 
large. 

2b Body or colonj §hows some type 
of 'definite symmetry. 

'3a Colony surface rough or bristly 
in appear aritQ under micros.cope 
,or hand lens. Grey, green, or 
brown. Sponges. * » . 

Phylum PORIFERA (Fig. 1) 

3b Cqlony surface relatively smooth. 
General texture of mass gelatinous, 
. transparent. • Clumps of minute 
individual organisms variously 
distributed. Moss animals, 
• bryozoans. '(^'^ 
, — Phylum BRYOZOA (Fig. 2) 

4a Microscopic'. Action of two " 

ciliated (fi:inged) lobes at an- '. 
teripr (front) end in life often 
. , gives appearance of wheels,^ 

Body often segmented, accordian- 
" like. Free swimming or attached. • 
Rotifers or wheel animalci^S. 
Phylum TROCHELMINTHES 
(Rolifera) (Fig, 3)* \ 

4b Larger, worml^ke, or having , 
strong skeleton br: sbell. 



}-2 



5a 



1 5b 



Skeleton or shell present. Skel- 
eton may be external or inter;ial. 

.» • 

Body soft and/or wormlike^ 
^Skin may range from soft to 
parchment-4ike. 



15 



6a Three or'more pairs oLy/ell 
formed jointed le^s pr^ent. 

' Phylum A^^HIJOPODA (Fig. 4) 

6b Legs or app^dages, if present, 
limited to pairs of bumps or hooks. 
Lobes or tenacles; ,if present. 
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soft and ^eshy, not jointed. 

Body strongly depressed or 
flattened in cross section. 



7b Body oval, round, or shaped like 
an/ihverteb "U" in oross section. 

8a ' Parasitic 'inside bodicti; of higher 
animals. Extremely long and flat, 
'divided into Sections like a "Roman 
girdle.' Life history v.may involve^* ^-.v 
• an intermediate' host. Tape worrftsL. 
Class' fcESTODAXPig. 5^ ^ * 

8b 'Body a single unit. Mouth and 
digestive systtem present, but no 
anus . * . ^ * 

9a External or internal parasite of 
higher animc^ls. Sucking discs 
present for attachment. -Life his- 
tory may involve two or more in- 
termediate hosts or stages. Flukes. 
Cl^ss TREMATODA 

9b .Free living.. .Entire body covered 
witti locomo^tive cilia. Eye areas 
in head often appear "crossed^'. ^ . 
Free living flStworms^" * . * 
Class .TURBELLARIA (Fig. 6) 

10a Long, slender,* with snake-like 

motion in life. Covered with glis- 
/ tening'cutiele. Parasitic or free- 
living. Mi^croscopic to* six feet in 
length. Round worms. ^ 
Phylum NEMATHELMINTHES 
(Fig.^ 7) " > ' 

10b. Divided into sections pr segijients. 
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I^ey to Selected Groups of Freshwater Animals 



lOc IJnsegmented. head blunt one 
or two retractile tentacles. 
Flat pointed, tail. 

11a Head a more or less well-fornied, 
hard, capsulfe with ja^s, eyes, 
^ ,and antennae*. 

Class INSECTA order DI^TERA 
(Figsi 8A, 8C) . V 



Idi 



lib • Head structure ^o*'fti except 
jaws (if present). I^ig. 8E". ) 
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12a Head conical 5r rounded, lateral 
appendages not conspicuous or 
numerous. 

i2b Head somewhat broad and blunt. 
Retractile jaws usually present. 
**^^ Soft fleshy lobes or tentacles,, 

often somewTiat flattened, may be 
present in-the "head region^.* Tail 
usually narrow. Lateral lobes 
or fleshy appendages on each 
segment unless there is a large, 
sucker disci at -rear end 

Phylum ANNELIDA (Fig. 9), 

13a Minute dark colored retractile/ 
jaws present, body tapering 
somewhat at both ends, pairs or 
rings of bumps or "legs" often 
present, even near tail. 

Class INSECTA Order DIPTERA 
• - * (Fig. 8)- 

13b No jaws, sides of Body generally 
parallel except at ends. Thicken- 
ed area or ring usually present 
if not all the way back on body. 
Clumps of minute bristles on most 
segments. Earthworms, sludge- 
- worms. 

Order OLIGOCHAETA 

14a Segments v(iih bristles and/or fleshy' 
lobes^or^other extensions. Tube 
builders, borers, or burrow^rs. . 
Often reddish or greenish in 
■color. Brackish or fresh watqr. 
Nereid worms. ^ ' 

• ■ Order POLYCHAETA (Fig. 9h) 

14b Sucker disc at each end, the large 
one posterior ^^'^'Exl^rnal blood- 
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14 



14 
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sucking parasites on higher animals, 
often found unattached to host. 
# Leaches. 

Cla^s^mUDINEA (Fig. 9B)^ 

15a Skeleton ifiternal, of true bone. 40 
(Vertebrates) . ^ 

15b Bpdy covered with an external 16 
skeleton or shell. ^ 

(Figs. 10, 13,' 17, 18,* 24, 
25, 28) 

16a External skeleton jointed^ shell 19 
covers legs and other appendages, 
often leathery -in nature. . ' ' 
Phylum ARTHROPODA ^ 
. * » » 

rOb External shell entire, not jointed,- 17 
unless composed of two clam- 
- . like halves. * 

(Figs, 10, 11, 12) ^ 

'l7a Half inch or less in length. Two* 
leathery, clam -like shells. Soft, 
parts in^^e include delicate,^ 
jointed appendages. Phyllopods 7' . • 
/ or branchiopods. 

Class CRUSTACEA, Subcliisses- 
BRANCHIOPODA (Fig.. 12) 
^ ' and OSTRACODA (Fig. 11) 

17b Soft part.s covered with Ihin 18 
skifi, mufeousrproduced,' no^ jointed legs. 
Phylum MOLLUSCA 

» * 
18a Shell single, may be a spiral cotie. 
Snails. 

Class" GASTROPODA (F;ig. 13) 

* * ' . 

18b Shell double, two halves, hinged 
at one point. Mussels, clams. 

Class BIVALVIA (t'ig. 10) . 

19^ Three pairs of regular walking ■ 29 
legs, or their rudiments. Wings ' ^ 
present in all adults and rudiments 
iii^some larvae » 

' Class INSECTA (Figs. 22;. 240, 
' 25, 26, 2^, -29)^ . 

19b More than three pairs of legs » 20 
apparently^ present. 



20a Body elongated, he&d broad and flat 
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Key to SelectoJ G roups .q| Freshwater Animals 



20b 



21a 



21b 



22a 



22b 



23a 



^3b 



24a 



with strong jaws. Appendages I'ollow- 
ing first three pairs of ieg« are round - 
dccl taperin;^ filaments. Up to 3 
inches long, fiobson fly and fish fly 
larvae. , ^ 

Class INSKCTA. Order> 
MEGALOPTERA' (Fig. 14) 



KoiM' or more pairs of legs. 

Four pairs of ^gs. }3ody i^ounded , 
bufbous, head minute. Often 
brown or red. Water mit^s. 

IMiylum AUTllROTODA^ Class 
, ARACIfNlDA, Order ACAHl 
(Fig. If)) 

l^'ive or mot e pairs of waLl^ing 
or swimming logs: gills, two 
pairs of antennae. Crustaceans. 

Phylum ARTIIROl^ODA, , 

ClSss CRUSTACE 
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22 




Ten or* more pairs (^f flattered. ' , . 
leaflike'^wimmmg and flu\spii]atory 
appendages. Mhny specrK^-<^wim 
constantly in/li^^^; some swim 
upside down. Fairy shrimps>, 
phyilopods. or .branchipods. 

Subclass BRANCHIOPODA 

(Fig. Ifi) 
> 

>Less than tt^n pairs of swimming ' 23 
or respiratory appendages. ' ^ ' - 

t. 

•a ^ 

Body alid legs inclosed in'bi- 24 
valvcd (2 halves) shell winch ^ay 
or may not completely hide them. 

Body and legs n6t enclosed in , 26 

bivalve shell. May be large gr 
minute. ^ 
(Figs. 17, 18, 19) 

One pair .of branched antennae 
enlarged for locomotion* extejid * 
outsilde of shell (cfo.ap'ace). 
Single eye usually visible, 
. "Waten*fleag" 

Subclass CLApOCERA (Fig. 12) 



2r)a Appendages leaflike, flatteneci 
moce ^han* ten pairs. 

- Subclass BRANCHIOPODA 
(Sec 22 a) 

2r)b'y^imal less than 3 mm, in length. 
Appendages more or less slender 
and jointed, oft(»n used for walking. 
Shells opaque. Ostracods,. 

(Fig. l\) Subclass aSTRACODA 

* 

203 Body q series of six or more 

similar segments, differing:;. ^ 
mainly in/size. 

2()h Front part of body enlarged into 
> • a somewhat separate body unit 
^(cephalothorax) often cover'cd 
with a single^picce of shell (cara- 
pace). Back part (abdomen) may be 
relatively small, even folded 
underneath front part. (Fig. 19b) 

27;i 13ody compresscd'laterally, i.<?., 
organism is tall and thin. Scuds, 
amphipods. \ 

• SubclassVAMPIIIPODA (Fig. 17) 

27b Body compressed dorsovcntrally , 
i. e. , organism low and broad. 
Flat gills contained in chambeV , 
beneath tail, Sowbugs. 

Subclass ISOPODA (Fig. 18) 

2fta Abdomen e»t(»ndmg straight out 
behind, (Hiding in two small pro- 
, jcctions. One or two large masses' of 
eggs are often attached to female. 
Locomotion by means 'Of two enlarged, 
- unbranched antennae, the only large 
appendages on the body. Copepods. 
Subclass COPEPODA (Fig: 19) 

28b Abdomen extending jout behind ehding 
in^an expanded "flipper" or swim- 
ming paddle. Crayfish or craw fish. 
Eyes on movable stalks. Size range 
usually from one to six inches. 
i Subclass OECAPODA ' 
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28 



24b Locomotion accorpplished by 
body legs, not by antennae. 
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29a Two pairs of functional wings, 

one pair may be more or less har- 
dened as protection for the other 
pair. Adult insects which nprmally 
' live on or in the water, (kigs, 25, 28) 

■■ ■ 
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C 30b 



^ 29b No functional wings, though 30 
pads in vyhich wings are develop- 
^ ing may be visible. Some may 

. resemble adOlt insects very 

closely, otl\ers fnay differ e^- 
' trefnoly from adults. 

30a External pad^ or cases in which ' • 35 
wines develop clearly vLkible.(Figs. 
24,26, 27) / 

More or less wormlike, or at. ^ 31 
least no external evidence of - 
wing development. 

31a No jointed legs present. - Other* 
<struotures such as hooks, sucker 
di^cs*, breathing tuBes may be 
present. Lar-vae of flies, 
rwidges, etc. 

Order DIPTERA (Fig. 8) 

31b Three pair.s of jointed thoracic 32 
legs, head cafxsule well formed.- 
* * * • 

32a Minute (2-4mm) livmg on the 
water surface film. Tail a 
strong organ that can be hooked 
into a "catch" beneath the 
thorax. ''When released animal 
* jumps into the air. No wings 
are ever grown. Adult spring'-^ 
1 tails. 

Order COLLEMBOLA (Fig. 20) • 

V c 

32b larger (usually over 5 mm) 33 
wormlike, living beneath the • 
slirface. 

33a ^ Live in cases or webs in water. * 
Cases or webs'have a silk 
foundation to which tiny sticks. - 
stones, and/or bitp of d^bbris 
are attached. AbdomioAl segments 
often with rtiinute gill filaments, 
Generally cyUndric in shape, 
Caddishy larvae'. 

Order TRICHOPTERA (Fig. 21) 

33b' Free living, build no ca6es, 

34a.' Somewhat flattened in cross 

section a/id massive in appear- - 
ance. Each abdominal segment 
with rather stout, tapering, lateral " 
' filaments about as long as body 



is wide. Alderflies, .fishflies, ^and 
dobsonflles. 

Order MEGALOPTERA (Fig. 2^, 14) 

34b Genenally rounded in cross seclion^ * 
Lateral filaments if present te^d \ 
to be long ancj thin. A few forms 
extremely flattened, like a suction 
cup. Beetle larvae. 

Order COfc^fiOPTERA (Fig. 23) - 

35a Two or three filaments or other 37 

-Structures extending out from 

6nd of abdomen. 
«- • X 

35b Abdomen ending abruptly, unless 
terminal s^ment itself is extended 
as sirigle/sU'uoture.(P^s. 24A, 24C) 



\ 



36a Molith parts adopted for chewing. 
Front of^ce co'vered by extensible 
folded mouthparts often called a 
. ^ **mask". Head broad, eyes widely 
spaced. Nymphs of dragonflies 
or dai^ning needles. 

Or^ler ODONATA (Figs.24A, 24C, 24E) 

3Gb Mouthparts for piercing and sucking, - 
Legs often adapted for water lo- 
comotion. Body forms Various. 
Water bugs, water scorpions, water 
boatmen, backswimmers. electric " ' 
light. bugr^s^ water strider^^ water 
measurers, etc. i 
Order IIEMIPTERA (Fig, 25) 

• 37a 'fail extensions (caudal filaments) 
two. --Stonefly larvae. 

Order PLfeCORTERA (Fig, 26) 



37b Tail extensions three, at times 
greatly re'duced in size, r 

38a Tail extensions long and ^lender. 
'Rows of hairs may give extensions 
a ^eather-likc appearance. 
Mayfly larvae, ? 

Order EPkEMEROPTERA 
(Fig. 27) " * ^ 

38b Tail extensions flat, elongated* 
plates. Head broad with widely 
spaced eyes, abdomen relatively 
long and slender. Damselfly 

' . nymths: 

Order ODONATA. (Pig, 24 D> , 



38 
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39a External wdngs or wing covers' 
form ^ hard protective dome 

* over the inner wings folded 
beneath^ and over the abdomen, 
l^etles. 

• \ "Order COLEOPTERA 

• V (F^g. 28) ^ 

39b ExlQrinal wings leathery at base. 
.Membranaceous at tip. Wings 
sbmetim^^ very short. Mouth- 

* ^a?*ts foi/pierr-irig and sucking 
BoFjv; form various. True bugs. 

t)rder HKMIPTERA (Fig. 25) 

40a Appendage present in^pairs, 
(fins, legriv^wings) 

40b.- Np paired appendages. Mouth 
a i;ound siictibn disc. 



41a Bo(l5' long antl slender Several 

boles along side of head 

Lamprev^s.*^ 

Sub Phvlum V1:RTKHRAT.A'_ 
Class CVrLOSTOMATA 

411) Hodv plump, oval Tail extending 
out abruptly Larvae of frogs and 

, ^ toads, Logs appear one 'at Av.tihie 
during me*i amorphosis to adull ' 
form. Tadpoles. ^ 
rlas.^ AMPHIBIA . 



42a Paired appendages are«leg« 

42b Paired a^endages are fins, 
gills covered by a flap 
(operculum).-^ rue^'^ishes 
'Class .PISCES 



43 



43a* Digits with c^laws, nails, or hoofs 

- 43b 'Skin naked. Vo claws or digits. 

P'rogs. toadsXand salamanders. 
' Clas^ AMPHIBIA' 

- \ ' \ . ' 

42 44a. War-m 1)lt)odo(L \ * ^' 

■ \ "A ; 

41 \. 44b Cold blood<Ml Bo'dy covered 
^ ^ with horny scales or plates 

•Class ri:ptil\ 

*45a Body covered with feathers 
Birds 

Class AVES 

45b Body c'6Ver cd with hail 
, "Mammals 

Class MAMMALIA 



44 
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1. SpongiUa spic ules 
L'p to .2 mm.ipog. 





m Rotifer, P olyarth ra 1/ 3C Rotifer Plulodina 

^ 3B. flotift-r, Keratella 
L'p to . 3 mm. 



4A. Joined leg 
CaddisHy 



4B. Jointed leg 
C fay fish 





2B. Rryoioal mass. Up to 
dC'VoraJ foot diam. 



2A. Bryozoa, P lumatella . Individuals' up 
^ to ? mm. Intertwined masses maybe 
very extensive. \. 




4C. Jointed leg 
Ostrac'od 




5. Tapeworm head. 
Taenia . Up to 
25 yds. long 



. * 25-8 



a r i a, Mesostoma 



6B. Turbellaria> Dugesia 
Up to l! 6 cm. 



7. Nematodes. Free living 
forms commonly up to 
-'Imfn., occasionally 
pnore. 
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8B. Diptcra, Mosquito 
pupa. Up to 5 mm. 





8A. Di?t» ra, Musquito larvae 
I:d »c» 15 mm. long. 



8C. Diptera. chironomid 
larvae. Up to 2 cm. 




lOB. Alasrtni^pnta , end view. 



I OA. Pelecyppod, Alasmidonta 
Side view, up' to 18 cm. long. 



9B. Annelid, leech up to 20 cm. 




Ilk. Brahchiojpod 
Daphnia. Up 
to 4mm. 



* 11 A. Ostracod, Cypericus 
Side view;- up to 7 mm. 






: 12B. Branchiopod^ 
Bosmina^. Up 
_ to 2mm. 
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14. Megaloptera, Sialis 
Alderfly larvae 
Up to 25 mm. 




16. Fairy Shrimp, Eubranchipus 
Up to 5 cm. 





18. Isopod, Asellus 
Up" to 25 mm . 



20. Collembola, Podura 
Up to 2 nun. long 




25rI0 
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19A. Calanoid copepod, 

^Female 19B. Cyclopold copepod 

^\ "up to 3 nm. Female 

■ Up to 25 nun. 
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21A. 



21B. 



21C. 



4 





21D. 21E. 

,21, Trichoptpra, laryal cases, 
mostly 1-2 cm. • 




22. Megaloptera,-.alderfly 
' . tip to 2 cm. 





23A. Bee^tle larvae, 
Dytisida? , 



23B. Beetle^larvae , 24A. Odonata, dragonfly 
Hydrophilidae nymph up to 3. or 



Usually about 2 cm. Jsually about 4 cm 




cm. 




. r 

;eric 



Odonata, tail 
of damselfly 
nymph 

(side view) 
Suborder 
Zygoptera 
(24B, D) ^ 



24D. Odonata, damselfly 
nymph (top view) 
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/ 

24E» Odonata, front view 
z;^" / of dragonfly nymph 

showing "mask** 
partially extended 
Suborder 
Anisoptera < 
(24A, E, C) 

24C. Odonata, tail of 
dragonfly nymph 
(top vj.ew) 

25-n 





27 .Epheme ropte ra. 
Mayfly nymph 
Up to 3cw. 
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26A. Coleoptera. 

Water bc avenger 
» beetle. Up to 4 cm. 




Coleoptera. 
Oytiscld beetle 
• Usually up to 4 cm. 



N 




29A. Diptera. Crmne 
fly. Up to 2i cm. 



29B. "Diptera, Mosquito 
« Up to 20 mm. 



.2-24 



A. KEY FOR THE INITIAL SEPARATION OF SOME COMMON 
• * PLANKTON ORGANISMS 

c 

1. No chlorophyll present, 'unless 'through ingestion * 8 

I. At least some chlorophyll present . . • ^ 

2. Pigments not in plastids . . . y/f Cyariophyta , 

2. Pigments in one or more plast^ . . . . • 3 

3. Cell wall. of over-lapping halves am distinctly sculptured Bacillariophyta 

'3. Cell wall not of over-lapping^halves, , or if so, then not sculptured 4 

' 4. Pyrenoids present; color usually, bright green Chlorophyta 

4, Pyrenoids absent; color green, yellow-green or V^lLow-brown 5 

5. Bright greeA, motile, usually with- one ''anterior flagellum ^ . Euglenophyta 

^ Yellowish to brownish, motile or not 6 

^ With a, distinct lateral groove, motile . . Pyrrophyta 

6. '"Without a lateral' groove . . , * 7 

'7. Seldom* motile; unicellular, colonial or filamentous «... Xanthophyta * 

7. Motive, unicellular or colonial f . . . Chrysophyta 

8. Unicellular; naked or enclosed in a' smooth or sculptured shell 9 * 

8. Multicellular; body usually with a distinct exoskeleton . . v 11 

9. Amoeboid; sometimes with shell, no cilia or flagella Ameoboid Protozoa 

9. Actively motile; never with shell; cilia or flagella obvious . . 10 

10. Body more or less covered by short cilia; 

movement *'darting*\v Ciliate Protozoa 

^ 10. , Body with one or more flexible whip- like falgella; 

movement "continous" 'Flagellate Protozoa 

II. Shell bivalved (clam-like) . . ^ •12 

11. Shell.. not composed of two halved, % . . % . v < ' 13 

12. With distinct head anterior to valves Cladocera ' 

- • 12. No head anterior to\valves . Ostracoda 

^13. Usually niici*oscopic; body extended'into a tail or foot with one . 

• or more toes ^ , . . . - Rotifera 

^ 13. Usually macroscopic if mature . ' 14 

14. Appendages bilateral; he^ not prominent Copepoda 

14. Appendages unilateral; head proniinent Phyllopoda. . 
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CHLOBOPHYTA 



A Key. to SLonre of the Common Filamektous Genera 



Filaments imbranched / . . , . " • * 2 

Filaments branched (sometimes parenchymatous) 12 

2. Chloropla^t single, parietal band ' ' 3 

2. Chloroplast one or more, "if parietal not a band' 5 

Chloroplast encircling more than half the cell (Napliin-ring like)*; Ulothrix 

Chloroplast .encircling less than half the cell . . . . ^ 4 

4. Filaments of indefinite length j cells with square ends Hormidi4;m 

4. FJilaments usually short, of 3-8 cells, yrith ends round Stichococcus 

Cell wall of pieces; py^enoids lacking „^ , , Microspora 

Cell wall not of H pieces ^ • , • 6* 

6, Some cells , with apical caps , * , • • , , Oedogonium 

6, Cells without apical Gaps , . • . • \ , . i T 4^ . <• 7 

Chloroplast (s) parietal *, / 8 

Chloroplast (s) axial • • ^ « . . ' * 9 

8/ Chloroplast one or more, spiral bands* Spirogyra 

8. Chloroplast several, longitudinal bands Siro^onjum 

Cell walls^ without a median .constriction, , . ; ^ .... 10 

Cell walls with a median constriction , . ^ . 11 

10. Chloroplast stellate ; . . ; Zygnema 

10. - Chlortpjast an axial band , Mougeotia 

^Filaments cylindrical . " ' Hyalothaca 

Filaments triangular, twisted Desmidium 



12. Coenocytic dichotomously, branched, with constrictions Dichotomosiphon 

12. Filaments with regular cross walls . . 1 13 

Parenchymato'ue, discoid, epiphytic . ii . . Coleochaete 

Not parenchyjpaatous ; . . *. ol4 

14. Main axis cells much broader than branch cells . - r DraparnalHi'a 

14* Main axis and branch .ceUs appr^pjdmately- the^same breadth . * * . 16' 

Main^-axis^'^annateral branches attenuated into long multicellualr hairs ...... ^16 

Axis and branches not attenuated into long multicellular hairs 17 

16.- , Sparsely or loosely branched ./ > Stlgeoclonl\mi. ' 

16* .'Densely and compactly "branched , Chaetophora • 

' ■ 226 " ■ ■ ; 



17; Cells bearing swollen or bulbous- bat.sed setae ...... ^ . .... ' .18 

17, Cells without setae * ,>* . , 19 

18, Swollen-based setae o*n dorsal surface of cells; rirostrate , ' . ^ / 

epiphytes; little or not al all branched . .. , Apbanochaete^ 

18; Bulbous- based setae terminal .orr-bf»anches;,'hot , ^ , . 

prostrate epiphytes ' ^' i. Bulbochaete 

19, With .terminal and/or intercalary akinites \ Pjthophorst 

19. , Without » distinctive akinites . . ^ . ; 20 

% \ «^ = . ' -. 

20, Cells of erect filaments becoming shbrter and broader toward o . * 

filamenf apex;* "usually growing ^^n Ijack of turtles; branching "only 

from base ] V .^ . ' Ba^sicladia 

* 20; ThaUus not as above . , - \, . , 21» 

A ■'. ' ■ 

21, Filaments irregularly branched; branches short 1 - or few celled , , , Rblzoclonium 
21. Filaments repeatedly ''braaiched^ branches narrowed toward tips , , , , , Cl adophora ' 
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CHLOROPHYTA 
A Key to Some Common Non- Filamentous Genera 



' 1. Unicelltaar ' 2 

1. Colonial - . * • 27 

2. Motile in vegetative 'state,, flagella *2-4 * . . ^ . * . ' . V . ; . 3. 

2. Non-motile in , vegetative state * 5* 

3.^ Cells -with 2 flagella \ ! r . " i ... ^ 4 

o3.* Cells with 4 flagella . ^ . \ ........ .\ . r \ . ] [ . Carteria ' 

**"•** . PI ■■ ■■ I ft w ■ 

* • ^ • • . * 

^ 4. tell enclosed by bicOveJc shell i .... . \ Phacotus* 

4.' CelL not. enclosed by a/^heU . t ...... \; ^ -t. ... . ; . . . Chlamydomonas ^ 

5. Cells with median constriction (often slight), . or of chloroplast only ........ 6 

5. Cells without a median constriction ' 15 

6; Cells lunate \ , ; Closteriu^ 

0 6. Cel^s not lunate in any degree ^ 7 

- . \ • ' * 

7. Cells cylindrical, noticeably longer than broad . t\. . . ; 8 

7. Pells almost 41 ever cylindrical; flattened or triangular in apical view * 9 

8. Length 2-3 times the breadth, contriction nearl5r lacking Cylindrocystis 

8. llength much greater than breadth, nodui^ose at constriction Pleurotaenium 

^ • . ^ . • ^ 

9.^ Cells triangular in end view .\ ^ Staurastrum 

9. * Cells not triangular in end viejgv . . 3 . ; . . " . \ /lO 

10. Sem^cells with lateral inci.sion3, appearing lobed . - . 11 

10. Semicells without lateral incisions * . ^ \ \ \ . 12 

11. Lateral incisions few, shallow, lobes rounded .. . Euastrum 

11.- Lateral incisions many, deep, lobes angular . . . ^. . Micrasterias 

• • ■ « - - 

12. Semicells with radiating arms * Staurastrum 

1?." Semicells without arms; spines, granules, or teeth may be present . .... 13 

13. Semicells without spines . . . .• I T . . Cosmarium 

13. Semicells with spines . . * . * - * * ' * 

. . . . . ... . ........ p 

14. Spines few, usually at the apical corners i l Arthpodesmus 

14, Spines numerous, scattered Xanthidium 

15. Cells elongate, sometimes needlo-like . . . . ^ ^ o . iS 

15. • CeUs spherical, ovid, angular; not needle- like . . * ' •'^ 18 

-16. Cells with terminal setae .Schroederia 

16. Cells without terminal setae r. . 17^ 



.17". Cells acicular, without a row of pyrenoids * Ankistrodesmus 

17. Cells acicular, very long, with a row. o^ 10-12 pyrenoids . Closteropsis 



Iff. Cells witKout spines br processes 
18. Cells with spines or procBSS6s . , 



19 

,23 



19. Cells embedded^ in a gelatinous matrix : ^ ...... : \ 20 ^ 

19.^ Cells without a. gelatinous matrix, \ .. . 21* 

, 20* Gelatin obvious, lamellate; Ohloroplast^ cup- shaped ^ . Gloeocystis 

20. Gelatin sometimes pbvious, chloro{)last, star-like ... ^ ..... .' .Asterococcus 

21. Cells spherical . . I.;, r .'K . ^ . .< 22 

21.; Ceils angular . ... ^, T .......... . I'etraedron • 



22. 



Cell wall smooth \* Chlorella 



22. -Cell wall ^sculptured"" ^. , . . i .., . . i . . Trochiscia 



24 
23 



23. Cells angular 

23. *\\fie}ls spherical or. oval, with spines ^. 4- .. . 

24. -Angles with furcated j)r6cdsses .' > * * . Tetraedron 

^^.24. Artgles with sj^ines . •/ • • • • Poljredriopsis - 

25. Cells spherical, spines delicate . . / . . • ' vT* '* ' Gplenkinia . 
25[ Cells oval, spines evident - t* . \ . ! . . . V L ... 26 

26. Spines localized at ends of cell . . . Lagel^heimii • 

• 26. Spines distributed over cell . . \ • . . Franceia 

27. Motile,, each cell with 2* equal- length flagella . . . 28 

27. Non-motiie invegetative state •. . . . ^ . .33 

- 28. Colony^ "flat" plate .\. . . . , \ . 29 

128. Colony spherical or ovid . . . » • • * .u. 30 

29. Colony "horse-shoe" shaped ^ Platydorina 

29. Colony quadriangular or circular . > Gonium 

30. Cells 8-16, crowded- pyriform . . ^- . . PandorjLna 

30. Cells more than 1,6, not crowded, spherical or nearly so 31 

31. Cells more than 30P in mamben Volyox 

3^1. Cells less than 300 in' nwiiB.er - 32 

» 32. Cells (16) - 32Hin riu^J)er . . ; Eudorina "' 

32. .Cells 64-128 -^(256) m number . . : . Pleoddrinft - 

33. , Cells of colony lying in one ...... f ." . 34 

33. Cells not in a conspicuous single plane •..-..*...., 37 

34*; Colony circular (rarely cijuciate) . . > . . . "Pediastrum 
34. Colony not circular ^ *. . 36 



. 35. Colony, a flat strip; c^lls side by side . \ . . . ^ Scenedesmus 

35,^ ^Colony quadriangidar 36 ' 

3p, Colony usually large, cells in*4*s, no fpines , , ^ ^ . . > Crucigenia • 

36. Colony of 4 cells, ieach with 1 or 2 marginal spines .. ^ ..... . Tetrastrum 

37. Cells acicular (needle -like) ^ Ankistro'desmus 

37. Cells not acltular ^ . 38 

38, Colony without a gelatinous envelope • ... 39 

538. Colony with a more on. less conspicuous gelatinous envelope ......... 47 



39. 2-8 oval enclosed by a distinct sheath 



Oocystis 



39. i Cells hot enclosed by a sheath ^, ; \ ... .40 

40. Cells with long fipiffes or setae ^ 41 

40. Cells wifhout spines or setae \ 42 

41. Colony pycamidate, ceU spherical, long spines ."^^ Errerella 

41. Colony quadrate, -or a tetrahedron, long setae Micractinium 

42. Cells linear, 'radiating from a commop center Actinastrum 

42'. Cells no linear ; ^ 43. • 



43. Cells .strongly lunat'?^ often "back-to-ba<ik" .v. S elena strum 

' 43. Cells not. lunate ' 44 

-44,.' Cells arranged in a hallpw sphere . 45 

44. Cells not ai^ranged in a hallow sphere 46 

45.^ Qells spherical,- sometimes joined by processes \ V . , 1 . Coelastrgim • 

45.*' <t Cells nof Spherical, outeifr angles extended into stout, blunt' \ 

\;teeth or spines , . . . . C . . . ' <*-.l . . Sorastrum 

4 ■ ■ . ■ ^, • ~ ' . • f 

46. ' Cells uniform,* spherical, in grcu*ps of 4 8 ^ . . . .\ . . " . Westella 

46. ' -'Cells not ^uniform^ ellipsoid, (oblong) or reniform ........ Dimprphococ cu s 

Cells purved 1iL strongly lunate . ..TT \ . \-^, . ^. .4B 

. Celi§, not' curved or lunate"^. V .\ . . . .• . .-. . .". . . . \ \ . [ .49 

^8, Cells lunate, loosely arranged in colony \* Kirchneriella 

48. Cells cuWed or reniform, colony compact, distinct Nephrocytium 

49^^ Cells connecteJd by^ branching centraj strand§ . . . 1 . . . \ * . . , Dictyosphaerium 
« "^49. Cells not connected by stands : ., * ... 50 

• 50. Cells cylindrical or fusiform . \ • •* 

50. Cells spherical or slightly ovoid \. .. 52 

51;' Cells in parallel "bun^Sa^f 2-8 , / . , . Quadrigula 

.SI."" Cells longitudinally arranged, not .grouped laterally ^ Ela'katpthrix 

V . ■ ": , " • . . \ . . . 

» . > / \ 



4T. 
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52. Cells ellipsoid or ovoid, envelope laniellated i • * • G^Q^Qcys^^s • 

52, Cell3 spherical, or neariy so , ^ . . , ^ . ; T . .53 

53. Chloroplas.t axial, star-shaped . ./ Asterococcus ' 

53. Chloroplast parietal, not star- shaped •'-C 

54^ Cells enclosed by lamellated sheaths Gloeocystis - 

54.. Cells in homogenous envelopes . . . . ^. . . , . . Sphaerocystis 

« ^ * ^ 

t 

\ 

y . .' - ■ . . . . • 
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Vegetative cells sessile . . : C olaciur^ 

Vegetative 'cells- motile • 2 

2. Cells with jihlorophyll , • . '3 

2. ^ Cells withoirt chlorophyll 8 

Protoplast ^within a lorica or teat / Trachelomonas 

Protoplast ^naked, no lorica 4 

4. Body strongly metabolic ^ . / . Euglena ' 

4. ^ Body*-rigid ^ \ 5 

Ayith two laminate, longitudinal chloroplasts * . . . Chryptoglena 

With numerous chloroplasts ^ ......... 6 

6. Body conspicuously flattened, sometimes twisted . ; . . ' PhacuS 

6. Body not compressed, radially symrnetrical ^ . '6 

Body broadly ellipsoid to ovoid ^ Lepocinclis I 

Body elongate, , narrow . . .• , , Euglena 

, • — 

8*. Cell^ with one flagellum • • •. . Astasia 

' 8. Cells with two flagella Peranema 



KEY TO SOME COMMON DIATOM GENERA (BACILLARIOPHYTA) OF 

MICfflGAN - • ^ 



Diatoyas in Valve View 

1. ••Valves without a dividing line or cleft; markings of valve radiate about a central 
, 4 point, (.centri^c diatom genera) ,^ • 2 

2^ ■ Frustules usually in filaments or zig-zag chains; rectangular in girdle 

view:, valv^ round, oblong, triangular or elongate , , , 3 

3l, Frustules cylindrical; markings -prominent on girdle; sulcus 

_ present; seldom seen in valve view , * , . , ' Melosira 

* • 

3, Frustule not cylindrical 4 

4, Valve ovate to oblong; two horns or processes present on valve face, 
scatter small spines often present • Biddulphia 

1 o 

4, Valve not ovate to ol^ong, horns or processes absent . - . | ^5 

^ 5.^ Valve face appearing as two; three sided pieces giving the 

appearant:e of six processes - Hydrosira 

.^5. Valve face three to several times longer than broads; margins 
• ' * undulate: "costae" evident , . . Jerpsinoe 

* 2* Frustules usually solitary (sometimes foncning short chains) 6 • 



Frustules usually elongated; many intercalary bands; frustules 

cylindrical , , • ' . . • . 7 

7. Each valve with a single long spine . . ,^ • . . . . Rhizosolenia 



7, Each vdlve vith t>vo long ^spines ' , 



Attheya 



valves discoic^; cyHndrical; or sijherical; somtimes with apines or 
processes ^ ■ 

8. Ornamentation of valves in two concentric parts of unlike 
pattefpi , 



8 



Cyclotella 



8. Ornamentation of vsclves radiate; continuous from center to [ * 
of valves . v • ! * . 9 



mar 



9.. Ornamentation of valves distinctly radiate; rows of piindtae ^ 

single at c^ter becoming multiseriate at the margin; margin 
^ of valve with recurved spines Stephanodiscus 



9. Ornamentation of -valves not distinctly radiate or, becoming 

multiseriate at margin *. 10 
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10, Isdlated large punctum evident at the margin jpines 

not evident* . . , . ^ Thalassiosira 

10. Isolated punctum not evident ^t the margin," short 

spines present . . ,* ' " . Cascinodiscus 

1/ Valve^ with a- dividing line .or cleft; marking of wall bilaterally 
I / disposed to an axial or excentric line (pennate diatoni genera) 11 

11. Both valves with a ps^udoraphe , 12 

12. Valves asymetrical to. one axis .* 13 

13. Valve asmetrical to longitudinal axis, striad present . . Ceratoneis 

.13. - Valve apymetrical to transverse axis 14 

14. Valves clavate * 15 

14.* Valves not clavatej striae present; valves withr-unequal 

capitate ends; often forming star like colonies . . Asterionella 

15. . "Costae" present, frustules may be joined face 

to face to form fan like filaments-. ..... Meridion 

^ ' 15. ' "Costae: pr.esent, frustules single (appea»<S^ 

as asymetrical Fragilaria ) ^ . Qpephora 

12. Valves symetrical.to both axes o 16 

^ 16. Frustules septate or "costate"; often appearing in 

zig-zag chains- * ^ . 17 

17. Septae present; usuatUy niany partially aeptate ^ 

I » . intercalary bands; valves triundulate Tabellaria 

* ^ ' ] ^ 

17. ^i*. Septae absent;^ prominant "costae" on valve . . . Diatoma 

16. Frustules occuring fr^e or attached in filaments; 
^ ^ sometimes forming f^iscicles i . / 18 

, 18. Frustule6 typically forming long filaments; usually 
not more than 5 or 6 times longer than ^Droads; * 
often appearing costate FragilaMa 

18. Frustules usually solitary or forming' fascicles; 

usually niany times longer than broad ....... Synedra 

/ (note: the- above two genera are actually* seperated 

' , • only on the basis of grbwth habit) ^ 

11. At least ond valve with a pseudoraphe . .^^.^ . . 19 

ir / * . • , • ,• * 

^ . , ' ^ - • * 22> '4 • ' \ 

» 



19. One valve with a true raphe the other valve with a pseudoraphe '20 

20. Valve asymetrical to the transverse axis,*^ partial terminal septae; - 
bent aboOt the transverse axis . ^ . . Rhoicosphenia 

20. Valves symetrical to both axes . » . I ; ... .21. 

,21. V^lve elliptical; valves with a marginal and/or submarginal i 
hyaline ring; often locUliferous; bent about the longitudinal 
^ axis . . * . V . . ; . .• Cocconeis 

21.^ Valves usually lanceolate or linera lanceolate'; bent 

'stround the transverse- axis . . ' Acfinanthes 

(Those with a sigmoid raphe* are sometimes put in A 
Acbnanthidium or Eucocconeis) ^ . , U ^ 

19. Both vaJLves with a raphe . ^ 22 

.*22. Raphe median oV nearly so, cnever completely marginal; 

'not in a canal 23 

23. Valves sigmoid'in outline ^r^^ * 2^. 

24. Raphe sigmoid; punctae in two series; one transverse 

and one longitudinal row forming a 90^ angle . \ . . Gyrosigma 

24. Raphe sigmoid; pmictae in three series forming, 
angles of other than 90^ ."^ Pleurosigma 

23. Valve not sigmoid in outline \ - 25 

25. Valves symetrical to%both axes ^ . . . 26* 

26. Frustules with septate inter-calary bands . 27 



27. Intercalary bands with marginal loculi, punctae 

distinct ^ Mastagloia 

27. Intercalary bands with two large faramen along 
^ apical axis, pxmctae indistinct DiatomeUa 

2,6. Frustules without septate intercalary bands • • 2^ 

28. valve face^^^with a sigmoid saggital keel; , 

"hourglass *'^shape outline in girdle, view . . . Amphiprora 

- ♦ 28. Valve facg without a sigmoid saggital keel ... ^ ... 29 

29, Valve with undulate or zig-zag irregiilar logitudin^al lines or « ' 
blank spaces . Anomoeneis 

29." Valve without undulate or zig-zag irregular logitudinal lines or 

blank spaces 30 
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30, Valve with thickened, non-punctate central area; (stauros) 

pseudoseptae sometimes present, longftudinal lines and blank 

spaces lacking \ . : Stauroneis 

30. Valve with or without stauros, septal absent 31^ 

31, Valve with longitudinal lines or blank spaces ^ *• r . . . 32 

32, Proximal ends of raphe usually curved in opposite 
directions; "defaut regularier'* toward valve a*pirces; 
longitudinal blank spaces , * ♦ , . Neidium 



p 32, Proximal ends of raphe straight; valves with fine 

striae that appear as costaei^ longitudinal line ' ' 

near margin V , , Caloneis 

31, .Valves without longitudinal lines or blank spaces 33 

'33. Valves with si,liceoua ribs along each side of the raphe 34 

* • 

34. Raphe bisects siliceous ribs on valve; central - 
area small and orbicular; striae and punctae 
very distinct Dipldneis 

' 34. Raphe short; less than 1/2 length of valve; central 

area long and narrow; terminal nodules evident^ 
elongate ; , 35 

\ a 

35. Raphe short; 1/4 or les^g the length of the valve; 

striae not evident , , , " ,Amphipleura 

35, "Raphe longer; usually about 1/3 the length of. 

the^ valve; striae usually fine but evident , , , Frustulia 

^ 33. Valve without siliceous ribs ^ 36 

36, Valves with smooth transverse costae; raphe 

often ribbon like; Pinnularia * 

' 36. Valves with transverse "striae , , , , ; 37 

, 37, Raphe sigmoid , , , ^ Scoliopleura 

'37. Raphe straight , , ."^38 

'38, Raphe in straight and raised keel \ Tropodoneis 

38, Raphe straight and nof. in a keel , ^ , 39 

39, Striae daubly pimctate, central area long and* narrow , , , Brebessonia ^ ' 

39. Striae single to lineate, central area variable .... Navicxila 
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25; \ Valves symetlcal to one axis only . ' . ^ v . . . t . . . . . 40 



i40. Valves symetrlcal to the longitudinal axis ^.^ 41 

41. Pimctae in one series; longitudinal line absent Gomphbnema 



' • 41. Punctae in two series; longitudinal line present/ Gomphoneis 

40. Valves symetrical to' transverse axis .... ^ ... .....^ : 42 



\ -42. Raphe short; vestigial terminal; with evidei\t terminal nodules, 

central nodule lacking 43 

" 43* Colonial; forming tree like colonies; valves usually with 

evident spines - \ " . . Desmogonium 

43. Usually not in colonies or if colonial, forming only 

short chain-s or stellate cluitips 44 

44. Cells shaped like* the femur of a chicken . >,Actinella 

♦ 44. Valves various shaped; lunate to nearly straight; 

.valve often with undulate dorsal and/ or ventral 

margin; raphe prominant in girdle view 45 

. ' 45. Dorsal margin convex, vefhtral margin slightly 

concave, both -margins sinvate- dentate . . . Amphicampa ^ 
* i 

45^ Dorsal margin convex, ventr^ margin straight 
to concave, one, both or neither margin wavy, 
pseudoraphe often present on ventral margin . . . EuQotik 

42. Raphe not vestigial; usually as nearly as long as the valve;. 

valves usually cymbiform ^ 46 

46. Valves convex; central nodule usually lies very close to the \ 
v^ntrAl margin; both* raphe^ visible In girdle view .... Amphora 

46. Valves flat or nearly so;- raphe a smooth curve with the" .same 
curvature, as-the social fljsld; raphe not visible in girdle 
view . Cymbella ** 

22* Raphe marginal and in a canal . . . , \ ^ . :47 

47. Valves 'with single canal that is usually marginal but may appear • 

to be somewhat central .* : .48 

T 48. Valves pymetrical to both axes 49' 

49. Tranaver^e internal septae that appear as "cbstae**; canal 

nearly median . . Denticula ' 

' 49. Transverse **costae** lacking; camial dots present . . . Nitzschia 
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48. Valves asymetrical to longitudinal axis . . ^0 

SO. "Costae" quite evident 51 

51, Axial field forming an acute angle at the central nodule; 
' raphe along the ventral margin of valve E phithemia 

51. Axial field forming a less acute angle at'the central 

nodule; raphe along the dorsal margin of the valve . . Rhopalodia 

50. "Costae" not eyident; carnial dots along the raphe 52 

52. Raphe of. 6ne valve diagonally opposite the raphe on* 

the other valve . , : Nitzschia 



V 

52. Raphe. of one vdlve directly dpposite the raphe on the ^ 

other valve i . .v Hantzschia^ 

Valves with a canal next to both lateral margins . ^ 53 

53, Valve face transversely^ xindulate; band of ^hort cos^ae aloqg each 

lateral margin* appearing' like a row of beads , . . .Cymatopleura 

53. V^ve face<»not transversely xindulate \ . 54 

54. Valve shaped like a ^ad^J«^-rN . . , . Campylodiscus 

54. Valve face flat; either isopolar or heteropolar; sometimes 

the frustule -is slightly spiral in shape ... 1 ...... . Surir^lla 



( 
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\ 



\ 



\ 
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3. 
3. 



5. 
5.. 



7. 
7. 



9. 



CHRYSOPHYTA 



A Key to Some More pr Less Common Genera 



FUamentous, branched . . . . APh^eothamnion 

Not filamentous . . * ' *. ^ 2 

----- ^ ' « 
2. jUnicellular . . . . * ^ 

2. tolonial \ . . ' 7 

Protoplast enclosed by a lorica * ; / . . 4 

Protoplast not enclosed by a lorica . 6 

4. * Epiphytic or epizooic ^ 

4. ' Motile; cells with siliceous scales many of vhlch have long, « 

siliceous spines * Mallomonas 

. . • * 'J . 

Epiphytic; lorica flask- shaped * * Lagynion 

Epiphytic or epizooic; lorica cylindrical v. . .Epipyxis( = Hyalobryon ) 

6. Motile; protoplast nakfed v . . Ochromonas (aifd assoc^) 
6. Non-motile; protoplast with Igng delicate, pseudopodia y . Rhizochrysis 



Sessile; each cell in a long, cylindrical lorica 
Motile • • • 



Epipyxis (Hyalobryon) 



8 



11 
11 



8. Each cell within a companulate^, basally pointed lorica Dinobryon 

8. Lorica absent *...*.♦... 1 ♦ . . . . • .9 

Colony bracelet- shaped ........ r * Cyclone:^s 

Colony spherical • ^ 10 

10. Colpny bristling with long siliceous rods Ghrysosphaerella 

XO. Colony without siliceous rods from each cell c-' . . . 11 

Colonies not enclosed by a gelatinous sheath ^ • Synura 

Colonies enclosed by a distinct gelatinous sheath . . t . 12 

12. Shorter flagellum more than 1/2 length of longer flagellum ..... Uroglenopsis 
12. Shorter flagellum less than 1/2 length. oV longer, flagellum Uroglena 
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* • 

i 

• . - c CYA NOPHYTA • ^ 

A Key to Some of thejCommon Genera 

-y- : ' 

1. Cells not in trichomes; unicellular or colonial ^ * * * * 10 

I. ^^-''Cells in trilihomes . . . • 

2. Colony with some regular arrangement of cells ^ ^ 

^ 2. Colony amorphous, no definite form 

» ' * ' ' ■ ■ ■ • . y 4 • 

.3. Colony a flat 'plBXe : • • • * - , . . ► i^ 

3. Colony spherical, cells peripheral . .. 

4. CeUs' regularly arranged ? • • - "^Hnir/dium 

4. CeUs irregu.larly arranged ^ .Holop.ediunx 

5. Colony with a central branching system •. . • Gomibhosphaeria 

5, Colonyjvithout a central branching system Coelosphaerium 

6. \Col5ny many celled ' * 9 

6. Klolony^ mostly few celled * * * * * * 

Cells elongate . \ . . . : ' . . . .0 . . Aphanothece 

T'N Cells spherical . .* >. \ • 

8. CeUs close together W , • , , ^ Microcys|is 

8. CeUs more than 2-3 diameters apart . ^ X' ' ' Aphanoc^psa 

• 9. Cells usually hemispherical, with or without, definite gelatinous sheaths . . Chroococcus ^ 
9. Cells sphll^al or ovaod, gelatinous sheaths very distinct ^. Gloeocapsa 

10. Trichomes without sheath (not filamentous) ....... i. 'In 

10. Trichomes in a sheath (filamentous) ..... - ' ^' * ' ...^.^^n^^-^ ' . . 20 

^ „ < • ^ — ' ^2 

II. *Heterocysts absent .■ . . . . ^ ^ * ' ' * 14 

11. Heterocysts present ^ 

^12. Tricliomes straight • Oseillatoria ' 

12, Trichometf regulajry spiral«d •, • • • 

/ 13. Cross walls distin</: T... ^, Arthrospira 

13. Cross walls lacking . ^ • • • • SEirHlma , 

o . . ^ • . • - , ' 

• > 15 
14: Heterocysts terminal . , * ; ' \ • * " 

3 14.\e)Het6rocysts iptercala'ry . . . . * ^ • • • . w . . . lo- - 

15. . T;.IchVes cylindrical • • . " Cyllndrospremum 

15.- . Trichomes 'attenuate .. .^^i; . ..^ . . • • • • •.• •. ' * • • .• ' >r , *. * - , 

"}6. Trichorpes\§oUtary . .". .' . . • • \; • •• ; • . Calothrix 

1^. Trichomes in masses 

Si', - , ' ■..*,• • , ' ■ 

. - - , , •■ ■ . • . . . . 

?- ,. ' ' ■ . •«.."' 

^ '■ ' %^ . , 24'Q 

RE^^.. v;,:„.- : 'v:-^-'.^- v " 



n. 
11. 



19. 
19. 



21, 
21, 



23, 
23, 



25, 
25, 



Trichomes without akinetes Rivularia . 

Trichomes with akinetes ^ Gloeotrichia 

18, Trichomes straight, parallel in bixndles 7 r . . A phanizomenon 

M, Trichomes solitary, or^ in masses, not parallel v. . 19 

Trichonjes solitary, or if numerous, ^jaen not in a firm gelatinous - 

matrix / . , . . Anabaena 

Trichomes entangled in a firm gelatinous matrix Nostoc 

^v>^ ' - . . ^ ^ 

20. Many parallel trichomes in a sheath . . . ^ . , , Microcoleus 

20, A single trichoma or row of trichomas in a sheath 21 

Filaments not branched ^ . . r~T ' . , . .' .22 

Filaments branched 0 23 

• 22. Sheath obvious firm . ,^ ; . Lyngbya 

22^ Sheath indistinct,' delicate ...... .7 , Phorm^idium 

Filaments "with false branching , , 24 

'tilamei^ts with true brandling 26 

24, \ Without heterocysts • . Plectonema 

24, 'with heterocysts^. 25 

Faitee branches arising single ; . . . . Tolypothrix 

False* branches in pairs' . . . . ^. . . Scytonema 

26. Trichomes always uniseriate * • Haplosiphon 

26,* Trichomes wholly or in part nultiseriate Stigonema 



mi 
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• . - ' XANTHOPHYCEAE "* ' - 

/ • . A Key to ' Som^Common Genera • " 

m ■ ' ' ' 

'' ' J * V 

^1, Filamentous ^ . 2 

1. Not filamentous T . • 4 

2. Filaments branched, siphc^aceaous ♦ - Vaucheria 

2, Filaments not branched • ^. . • 3 

Cell wall of stout H pieces, cells spmetimes barrel-.^haped Tribonem^ 

Cell wall of delicate H "pieces, cells short and cyliiidricali^^ ..... ^ . Buniilleria ^ 

4. Cells embedded in a gelatinous matrix ^ ^ h 5 

* 4. Cells not embedded in a gelatinous matrix . . \ 7 

" ^ . . * *~ 

5. Colonial gelatinous envelope dichotomously branched . . T^ischococcus 

5, Colonial gelatinous envelopg not^ branchefi . .if . . .6 

6. ' Colonial e.n^^elope, 'tough "he av3^\ cartilaginous Botryococcus 

6. Coldnia^l envelope* Watery ;'"colohi^s>-small, 'free floating Chlorobotrys 

Cells epiphjrti^^- • ^. ..^ . « . ' . ' 8 . 

Cells not feplphytici. . ^ . • ^. ^. . . .i^. ^. .-v 11 , 

, 8. Stipe long,"" seta- like !.-......-... . , Stipjtococcus 

8.* Stipe short; dr cell-sessile ........ . .c^. . . ^ Peroniella 

9. Cell vase- like-, ap^x flattened \ . . ^. /..W.-^. . . , . . . Stipitococcus 

9. Cell oval or spherical . . . . .\ 'f^'^^'i' • * - ^^^Q^'^eUa 

10.. • CelTs * cylindrical, ends broadly roimded . ry*,, . , ^ Ophiocytium > 

10. Cells not ^cylindrical : . \ - • •/ . . . • Characiopsis . 

t - ' • . , " ' V e. i ^ . 

Cejls cylindrical, straight or contorted . . . ^. . .■ . Ophiocytium 

Cells globg^fe^^^ith rhyzoids, on soil .* ^ . ^ . . . ^* . . . ' Botrydium 

/ ' i ■ ' Vil- ' 

-- " ' • ^ ■ ^ 
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Acicular: needle- like in shape > ^ > CAnkistrode8mus)j 

Aerial: algal habitat on moist soil, rocks, trees, et^.; involving a^thin film of water; 
sometimes only somewhat aerial. 

Akin^te: A type of spore formed by the transformation of a vegetative cell into a thick- 
walleS resting cell, containing a concentration pf food material. ( Pithophora ) 

Amoeboid like an amoeba; creeping by extensions, of highly plastic protoplasm 
(pseudopodia). ( Chrysamoeba) - ^ 

Amorphpus: without definite shape; without regular form. , 

Anastomose: to separStteand come together agaia; a meshwork. / 

Antapical: the posterior o^ rear pole or region of ^an organism, or of a colony of" cells. 

Aijterior: the forward end; toward the top. ^ ■ 

Anthe^dium: a single cell or a series of cells in which male gametes are produced; a 
multicellular, globular male organ in the Characeaeg more properly called 
a globule (a complicated and specialized branch in which antheridial cells 
are produced. ^ ^ ^ ^ 

' Antherozoid: male sex cell; sperm. 

Apex: the summit, the terminus, end of a projection, of an incision, or of a filament 
^ ^ of ceUs. ' _ - ' 

^Af)ical: Forward tip. , - ' 

' " ; 

Aplanospore* non- motile, thick- walled spore formed many within an tinspecialized 
^ vegetative cell;, a small resting ^pore^. 

' Arlbuscular: branched or growing like a tree or bush. • ' 

Aymored: See theca. 

Att^liuate: narrowing to a point or becoming- reduced in diameter. ( Glbeotrichia) ^ 

Autospores: spore-like bodies cut out- of the contents o^a cell which are^'small replicas 

of the* parent cell and which only (enlarge to become mature plants. ( Coelastrum ) 

Axial: along a median line bisecting an object either transversely or longitqdinally 
'vW-it " * /espe^ciaJUy the later, e. g. * ah axial chloroplast). . ' ' 

Bacilliform: rod- shaped. . 

' * Bilobed: with two lobes or e^ensions. ' 
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Bii«Lpillate: with, twcf small protrusions^ nipples.^ * . - - 
Biscuit- shaped: a thickened pad; Pillow- shaped. 

3ivalve (wall): wall of cell which is in two sections, one usually slightly larger 
than the others. 

I 

Blepharoplast: a ^granular body in a shimming organism from which a flagellum arises. * 
Bristle: a stiff hair; a neeSi^-like spine. ( Mallomonas ) ' ^ 

Capilate: with an enlargement or a head at one end. (as in some species of Oscillatoria) 

•Carotene: Orange-yellow plant pigment of which there are fair kinds in algae; a 
; hydrocarbon, C, H. 

Chloro ghvllj> - a green pigment of which there j are five kinds in the alga^e chlorophyll-a 
occurring in all of the algal divisions. 

Chloroplast: a body of various shapes within the cell containing the pigments of which 
^ chlorophyll is the predominating one.^ 

«Chr.omatophore: body 'within^ a cell contining the pigments of which some other tan 

^ chlorophyll is the predg|ninating one;' may be red, yellow, /ellow- green 

or brown. /^^^ 

Chrysolaminarin: See leucosin. 

Coenobium: a colony with 2^ number of cells, ( Scene desmus) ' 



Coenocytia^ with Multinucleate cells, or <5ell-like units; a mult inuclea±e^non- cellular 
^ plant . ( Vaucheria) - ' ^ ' 

Collar: , A thickened rjbig' or neck surrounding the opening in a shell or lorica through 
which a flagellum projects from the ^closed organism. ( Trachelomonas ) 

Colony: a group or closely associated clnster of. cells, adjoined or merely inclosed py a 
-a common investing mucilage or shesith; cells not arranged in a linear series to 
form a filament';>ieither aggregate or coenobium. ' - ^ 

Constricted: cut in or ijj<;ised^ usually form Wo opposite points on a cell so that an 
' isthmus is formed between two parts or cell halves; indented as at*the 
joints between cells of a filament. ( Cosmarium ) 

Contractile vacuole: a small vacuole fcavity) which, is bounded by a membranfe< thaf 
, \ pulsates, expanding and contracting. 

;**16renulate; wavy with small scallops; with small crenations. v 

Crescent: an arc of a^circle; a curved figure tapering to horn- like points from a wider, 
cylindrical midr'egion, . , ' . 

-Cross wall: a cjq&& partition,' • " . 

o . ■ 
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Cup- shaped: a mpre or less complete plate (as a chloroplast) which lies just within - 
the cell wall, open at one side to ioTta a'^qup. 

Cylindrical: a figure, round in crpss section;, elongate with parallel lateral margins 
when seen 'from the side, the ends square or truncate. (Hyalotheca) 

Daughter cells; cells produced directly from the division of U primary or parent cell; 

cells produced from the same mother ceU. * ♦ • 

Dlciiotomous: dividing or branched by repeated forkings, usi\ally into two^ equal portions 
\ or. segments. . % " . ^ 

pise; Disc-shaped: a flat* (usually circular) figure: a circular plate. 

E>istal: the forwar or' anterior end or region as opf^sed to the basal end. 

Ellipsoid: an ellipse, a plane figure with curved margins, the poles more sharply 
rpunded than *the lateral margins of an elongate figure. 

• ^ N * ' 

Epiphyte: living upon a plant,' sometijnes living internally ^lIso. 
Euplankton: true or openwater plankton (floating) organisms. 

Eye- spot: a granular or coniplex of granules (red or brown) sensitive to" Ugh^ and 

related to responses to light by swimming organisms of spores. (Pandorina ) 

False Branch: a, branch formed by lateral growth of one or both ends of a broken 

filament; a branch not formed by lateral division of cells in an unbroken 
filament. ( Tolypothrix ) 

ICilament: a thread of cells; one or .more rows of cells; in the blue- green .algae the 
thread of cells together with a sheath that may.be present, the thread of. 
cells alone referred to as a trichome. - . * * . 

Flagellum (flagella): a relatively coarse, whip-like organ of locomotion, arising from 

a special, granule, .the 'blephltroplast, ^yithin a cell. ( Eugllna) 

Fucoxanthin: a brown pigment predominant in the Ph^ophyta and Chrysophyta. (Synura ) 

Fusiform: a figure broadest in the^idi^egion and gradually tapering to both pol6s whiph 
may be ^ cute or b^tly rounded; shaped like a spindle. ( Closferium) 
» •* ' * . ^ ' "* 

Gamete: a sex cell*; cells whifch unite to produce a fertilized egg or zygospore. 

Gas vacuole: See pseudovacuole. 

^Gelatin (gelatinous):, a mucilage-like substance. 

Glycogen: a sta*rch-like istorage product questionably identified in food granules of tjhe 
* Cyanopjyta. (Chroocjjpcus)' ' • ^ 

Gregarious: an association; groupings of individuals not necessarily joined together but 

closely associated. ^ * * - 
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GuUet: ; a canal leading from the opening of flagellated ceUs into the reservoir in the . 
anterior end. ( Eu^lena) 

Gypsiun: granules of <^lcium sulphate which occur in the vacuoles of some 
* desmids. ( Qlosterium) ^. * j» ' 

Haematochrome: a red or'^range pigment, .especially in some Chlbrophyta and 
Euglenophyta, which masks the green chlorophyll* 

• . » * • • . \ - A 

Heterocyst: an enlarged cell in some of the filamentous' blue- green algae, usually 
empty and different in shape from the vegetative cells, (AnabeanaJ . ^ 

Hold-fast cell: a basal cell'of a filament or thallus, differentiated to fcw^m an 
an attaching organ. (Oecfegooium) . 

H-pieces: wall of ovrerlapping H- shaped structures. ( Trtbonema ) 

Intercalary: arranged^ in the same series, as spores' or heterocysts whi^h occur in . 

* series with the vegetative cells rather than being terminal or lat^rallv 
(heterocyst of Anabeana) . • - 

Laminate: plate-like; layered. . • ^ 

Lateral gii^ove: a groove in Dinoflagellates encircling the cell. ^ (QeratimnJ 

Leucosin: a whitish food reserve characteristic of many of , the Chrysophytam especially 
the Heterokontae; gives £t metallic lustre to cell' contents. (Difibbryon ) ^ 
. % . - ^. . 

Lorica: a shell- like structure of varying shapes which houses arf organism, .has an 
ft opening through which organs of locomotion are/ extended. * ( glnobryon) 

Lunate: crescent- shaped; as of the new moon shape.. (S elenastrum ) 

* • ' - \ ' * ^» 

Median construction^: See constricted. 

Metabolic: plastic, changing shape in mbtipn-as in many Euglena. 
, ' - ^ >^ ' ' * • 

Micron: a unit of .microscopical measuremenj^TB^^ 

by using a micrometer ' in the eyepiece* of the mlcroscdp^-whichrlias been \^ 
•calibrated with a standard stage micron^eter; expressed the symbol. . • 

Moniliform: a^rang^d like a string of beads; beadlike; lemon- shaped. Un'abeana) 

Mother Cell:; the cell which by mitosis or by internal cleavage giv^s rise to 

other cellp (usually spare&). J ' • . • ' 

- ■ , 0 

Multinucleate: with meny nuclei. ♦ ^ . ^ 

MultiTseriate: cells arranged tn mpre thaxj: one row; a filament two or more cells in » 
- d^imeter. (Stigeonema ) * ^ ' . ^ « 

-Mobile: motion caused by cilia or flagella. ( Volvox) . - 

pblong: a curved figure, elongate witli the ends Joroadly rounded but more sharply curved 
V ' 'than the lateral margins. . . ' . o , * 




Obovate: an ovate figure, broader at the anterior end than at the posterior^ 

Oogonium: a female 'sex organ, usually an enlarged cell; an egg ^^^^e. 

Oval: •an elongate, curved figure with convex margins and with ends broadly and 
symmetrically curved but more ?harply. so than the^ .lateral margin. 

Ovoid: shaped like an egg; a curved figure broader at one end than at the other. 

Pa^amylum: a solid, starch-like storage product in the Euglenophyta. (Euglena ) 

Parietal: along the wall; arrangfW at the circumference; marginal as opposed to 
central or azial in location. ' ; - ' 

• . . , 

Pellicle:^ a thin membrane. ( Euglenaj ^ ' J. 

Peridinin: a brbwn pigment characteristic of the Dinpflagellatst. ( Ceratium ) 

Periplast: bounding membrane of cells in Euglenoids and Chrysophytes. 

ghycocyanin: ^'blue pigment ^found in the Cyanophyta, and in some Rhodophyta. 

Phycoerythrin: a red pigment found in the Rhodophta, and in some Cyanophyta. 

Plapkton: organisms srifting in the ^ater, or if swimming, not able to move 
against currents. , . - . ' 

Plastid: a body or oVganelle of the ceU, either containing pigments or in som^e^ 
instances colorless. > - 

Plate: sections, polygonal in shape, composing the cell wall of some Dinoflagellata 
(the thfecate or armored dinoflagellates). • ; 

Posterior: toward the rear; the erM opposite the forward (anterior) en^ of a cell 
or of an organism. * ^ ♦ . * « " * 

Protoplast: the living part of the cell; the' ceU rxxembrane and its contents usually 
enclosed by a^cell wall of dead material. 

Pseudocilia: ^meaning false cilia; flagella-llke structures not *uS€id for locomotion as 
in Apiocystis and Tetraspora. . • ^ 

Ps^doparenchymatious : a false cushion; .a pillow like mound of ^ells (usually attached) ' 
» which, actually is_ a'' compact g'eries of short, often branched 

filaments. ( Coledchaete j • * * : 

* * » * ' 

Pseudo vacuole: . nleaning a f^se vacuole; a pocket in the cytoplasm of many blue- green 
algae v^ich coSttains gas oij mucilage; is light refractive. ; (Microcystis) 



Pyrenoid; .a protein ^body around which starch or ^aramylum collects in a, cell, usually 

^buried in a chloroglast but sometimes iree within the cytoplasm. ( Qedogonium ) 

* • ' r - * ' 

Pyiformi pear-shaped. ( Pandorina ) ^ 



Reniform: kidney- shaped; bean- shaped, ( Dirnorphocacus) ^ 

y 

Replicate: infolded; folded back as in the cross \yalls of sonic species of Spirogyra; not 
a plane or Straight wall. 

i& ' ' * 

Reticulate: nelteU, arranged to form a network; with opjnings. 

'» 

Scale: siliceous or inorganic material covering the cell. (Mallomonas) 

SemiccU: a cell- half, as in the Placoderm dcsmids in which the cell has two parts 

that ,aro mirror images of one another, the two parts often connected by a * 
narrt)w isthmus/ ( StauFastrum) 

Septum: a cross- partition, cross wall or a membrane complete or incomplete through 
the sliort diameter of, a cell, soi^etimes parallel ^with the long axis. 

Setae: a hair, usually arising from within a cell wall; or a hair- like extension 
forniedv^by tapering of a filament of cells to a fine point. 

Sheath: a covering, uslially of mucilage, soft or firm; the covering of a colony 

of cells, or an-i?nvelop^ about one or more filaments of cells. ^ 

Siphonous: ^a tube; a thallus \§^ithout cross partitions^ (Vaucheria) ♦ 

Solitary: unicellular^ solitary*. ( Chlamydomonas ) , , . 

Spine: a sharply- pointed projection from the cell wall, ( Mallomonas ) 

Sproangium: a cell ^sometimes an unspecialized vegetative cell) which gives rise to 
.spores; the case which forms aboit the zygospores in the Zygnematales, 

Star- shaped: See stellate !' 

' • 1 

.Stellate: with radiating projections from a conimon center; st^r-like. ( Zyfflema) 

* ' 1 • • ' 

Stigma: see eyespot. ' * \ • 

• Suture:, a groove between plates, as in some Dinpflagcllata; a cleft- like crack or line 
s in some zygospores of the Zygnemataceie: ( Ceratium ) ^ ^ 

' i . ^ ' 

^Thalius: a plant body wAich'is not differentiated into root, stem and leal organs; a 
/ frorTd; the algal plant. ^ 

Theca; Thecate: a firm outer w*all;'a shell, sometimes, with plSte^ as in the 

\ Dinoflagellata. (PeridSiium) ' . 

^Test: a shell dr covering* external to the pell itself. 'See Lorica. 

Transverse furrow (groove): a groove extending around the cell as in the 

DinoflageUata. (Ceratium) 

Trichrome: in blue-gf^eens, a series of cells joined end to end, (Osclllatoria) 



/True Branch: a^branch formed by means of lateral division of cells in a main filament. 

' Includes all' branched algae except tiiose blue- green algae with f^lse 
* branching. 

Tychoplankton: the plankton of waters near shore; .prganisms floating and entangled 
• ^ among weeds and in algal mats, not in the open water of a lake 

or stream. 



Undulate: regularly wavy. 
Unicellular: See^sblitary. ^ 



Vegetative: referring to a non- reproductive stage, activity, orvcell as opposed to 

activities and stages involved in reproduction, especially sexual reproduction. 

Xanthophyll: a yellpw pigment of several kinds associated with chlorphyll, ' C46H5g02. 

Zoospore: an^lthimal-like jspore equipped with flagella and usually .with an eye- spot. ^ 
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